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Preface 
Trauma constitutes a major public health problem. It is the primary cause 
of death and disability in young, healthy people. Despite its high price, 
trauma has not received nearly the same national (nor international) 
attention and support as cancer, heart disease or AIDS. 
Scientific study of the trauma problem has long been hampered by the 
difficulty in comparing trauma patients. However, since the introduction 
of severity indices some fifteen years ago, an increasing number of studies 
on trauma and trauma care have been published. A great number of these studies, 
which were mainly performed in the United States, showed the poor quality of 
trauma care when trauma care systems were not organized and integrated. 
Moreover, recent studies document that the implementation of an integrated 
and organized trauma care system, including advanced prehospital trauma care 
and trauma center care, improves outcome results. 
In The Netherlands, trauma care is neither integrated, nor organized. In 
1983, we conducted a retrospective evaluation study on hospital trauma care. 
The results of this study aroused our concern as to the quality of trauma 
care management in The Netherlands. Thus, as a consequence, we suggested 
performing a prospective multicenter evaluation study. This study was 
peformed in the period October 1984 to October 1985. The results of this 
study are presented in this thesis. 
As no such prospective study had previously been performed in The Netherlands, 
the aim of the study described in this thesis is two-fold. 
The first goal is to investigate the available methods and determine which 
are suitable for evaluating trauma care in the Netherlands. The second goal, 
and main purpose of this thesis, is to evaluate the trauma care itself. 
Although a trauma system should integrate prehospital and hospital care, 
emphasis is placed on the evaluation of hospital trauma care. This thesis is 
divided in three parts. 
In part I the literature is reviewed on: 
- epidemiology of trauma as well as methods and systems used to reduce the 
trauma problem (Chapter I) 
- injury severity indices which are important when comparing outcome results 
(Chapter II) 
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- evaluation of prehospital and hospital trauma care, with emphasis on 
hospital trauma care (Chapter III) 
In part II two pilot studies are presented on: 
- a prospective evaluation of prehospital trauma care for a group of 30 
severely head injured patients (Chapter IV) 
- methods suitable for evaluation of hospital trauma care (Chapter V) 
In part III the (results of the) prospective multicenter study, performed 
in 12 hospitals, is presented. The various chapters concern the following 
aspects: 
- materials, methods and demographic characteristics of the 547 severely 
injured patients included in the study (Chapter VI) 
- validity and reliability of the Hospital Trauma Index-Injury Severity 
Score (Chapter VII) 
- comparison between three hospital types, namely, general hospitals without 
a neurosurgical department (Category A ) , general hospitals with a neuro-
surgical department (Category B) and university hospitals (Category C) 
with regard to several outcome results (Chapter VIII) 
- comparison of the incidence of inappropriate care and preventable death 
between the three hospital categories (Chapter IX) 
- evaluation of the care for the patient with severe head injury (Chapter X) 
- investigation as to whether a temporary stop at a local hospital benefits 
the patient with severe head injury (Chapter XI) 
In the last chapter, Chapter XII, the most important facts from this thesis 
are summarized and the general conclusions are presented. Based on the results 
of this study, we have formulated some recommendations which could lead to 
improved trauma care in The Netherlands. 
12 
Part I 
Literature Review 
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Chapter I 
EPIDEMIOLOGY OF TRAUMA AND METHODS 
TO REDUCE MORTALITY AND MORBIDITY 
J. 1 Epidemiology 
Yearly in The Netherlands about 6,000 inhabitants (one out of every 2,300 
inhabitants) die as a result of injury or poisoning. About 130,000 to 
150,000 patients are admitted to a hospital following an accident each 
year (44,80). Probably one out of every 100 inhabitants is more or less 
permanently disabled, representing a disability prevalence of 1% (80). 
Although these figures demonstrate the colossal social and medical impact 
of trauma, it is very difficult to form a complete picture of this tremendous 
problem. Many agencies and institutions collect demographic and epidemio-
logic data on trauma morbidity and mortality, but an accurate compilation 
is not available as these data are recorded by heterogenous methods. 
Moreover, the same institution presents the same data in different ways, 
obscuring a clear view of the problem. The difficulty of obtaining valuable 
data and the shortcomings of available documentation also exists in other 
countries, as was shown in a recent WHO report (260). Despite of the fact 
that this compilation will inevitably be incomplete and insufficient, an 
endeavour will be made to document the scope of the problem. 
Throughout the years, there has been an increase of trauma fatalities in 
The Netherlands which reached a maximum in the late 1960's and the early 
1970's. A rise in traffic fatalities was the main cause. After 1975, 
accidental deaths decrease slightly (Table 1.1). Although accidental deaths 
account for only 5% of total deaths, they are the primary cause of death in 
the age group under 30 years of age; the maximal contribution to total 
mortality is in the age group 15 to 19 years, for men 61% of the total 
mortality, for women 51% (48). 
Therefore', when expressed as loss of years of life, accidental deaths 
represent 9% of the total (Table 1.2). No data on the loss of productive 
years are available for The Netherlands, but in the United States trauma 
accounts for more loss of working years than cancer and heart disease 
combined (243,244). Since trauma in the United States also causes about 5% 
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Table I.l: Accidental deaths in percentages of all deaths, and accidental 
deaths per 100,000 inhabitants in The Netherlands in different 
periods (49,80) 
Year % of all deaths per 100.000 inhabitants 
1920-1929 
1930-1939 
1950-1959 
1960-1969 
1970-1974 
1975 
1978 
1980 
1981 
1984 
3.3 
4.7 
5.5 
6.4 
6.6 
5.9 
5.7 
5.3 
5.1 
5.0 
35.3 
37.0 
41.6 
50.7 
55.1 
49.3 
46.3 
43.0 
41.1 
41.7 
of all deaths and is also the primary cause of death in young people (51% 
aged 20-24) (9), the probability is high that also in The Netherlands 
trauma accounts for more loss of working years than cancer and heart 
diseases combined. It should be clear that when accidental death is looked 
at in this light, its social and economic impact is more important then 
generally believed. 
Table 1.2: Percentage distribution of deaths and years of life lost by 
cause of death and sex in The Netherlands in the period 
1976/1980 (47) 
Cause of death 
Malignant neoplasm 
Cardiovasc disease 
Accidents 
Other causes 
Deaths 
28 
44 
5 
23 
Male 
Lost years 
25 
26 
11 
29 
Deaths 
24 
48 
4 
24 
Female 
Lost years 
29 
36 
6 
30 
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Table 1.3: Peroentage distribution of deaths from external causee and 
poisoning, by nature of accidents in The Netherlands (48) 
Nature of accident 1983 
Traffic accident 29.7 
Accidental fall 29.1 
Suicide 24.2 
Homicide 2.0 
Others 14.9 
Traffic accidents account for about 30% of all accidental deaths, followed 
by accidental falls and suicide (including hanging and poisoning) (Table 
1.3). From all accidents, traffic accidents account for the highest mortality 
rate (44,81), reflecting the severity of high energy trauma. 
The sex ratio of accidental fatalities is 1.4 : 1.0 (men : women). 
Traffic fatalities are about 2.5 times as frequent in men, but fatalities 
from accidental falls are 1.5 times more frequent in women. Most patients 
who die from traffic accidents are young, whereas patients who die from 
accidental falls are generally over 65 years of age. 
After 1960, traffic accidents and injuries rose, reflecting the increase 
in traffic density. Data concerning traffic accidents are gathered by the 
VOR/CBS1 and by the SMR/CBS2. These data are not identical, but the exact 
reasons for this difference is not yet known. For the following analysis, 
data will be used from the VOR/CBS (251,252). 
About 54,000 people are injured each year by traffic accidents. Of these 
people, about 40,000 are transported to hospital and about 17,000 are 
admitted. Approximately 1,700 people die as a consequence of injuries sustained 
in traffic accidents. Of these about 50% die at the scene of accident, 40% 
between day 0-4 following the accident and 10% after the 5th day. Most 
injured people are between 15 and 19 years of age. Most patients are drivers 
or passengers of a car, followed by bicyclists and motorbike riders. 
Data for non traffic accidents are more difficult to interpret, because 
of differences in definitions and shortcomings in the different registrations. 
In 1979 there were more than 85,000 accidents at work; 3,429 patients were 
1 2 
Registration of traffic accidents Registration of hospital admissions 
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admitted and 56 died. At home there were approximately 16 million accidents, 
with a mortality of 0.01% to 0.02% (80). 
The total social and economical impact of trauma in The Netherlands is 
enormous, as illustrated by the following 1979 data: 4,150 trauma victims 
were treated in nursing homes (one out of every 3,400 inhabitants) and 
1,350 patients in rehabilitation institutes (80). The total loss of working 
days could be estimated at 13,000,000 with a total cost of ƒ 1,000,000,000 
yearly. 
I. 2 Reduetion of incidence, mortality and morbidity of traumatic injuries 
1.2.1 Introduction 
Many strategies have been developed and investigated in order to reduce 
the number of accidents and their consequences. Principally these strategies 
can be divided into three different basic strategies: 
1. accident prevention 
2. reduction of injuries (and their severity) from specific accidents 
3. reduction in mortality and morbidity from specific injuries. 
Accident prevention involves primarily education and legislation. 
Reduction of injuries (or their severity) consists mainly in the use of 
safety tools. Mortality and morbidity reduction depends on emergency 
réponse and medical care. This section will describe some methods used in 
each of these basic strategies. 
1.2.2 Prevention 
It has been estimated that with an active prevention program, 30 to 
50% of all traffic accidents could be prevented (246). Such a program includes 
education, and legislation for alcohol use and for speed limits. Some 
reports show that up to 60% of fatal motor vehicle accidents are due to 
drunk drivers (5). Programs to eliminate drunk driving have had mixed 
results. Alcohol legislation in The Netherlands in 1974 resulted in a 
significant drop of alcohol blood levels in drivers in 1974, but with time, 
however, there was a return to prelegislation blood levels (237). 
The reduction in mortality of car occupants in The Netherlands in 1974-1975 
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largely resulted from legislation (alcohol and speed limitation laws) and 
as an effect of the 'energy crisis'. However, the initial effect tapered 
off noticeably within a few years (235,236). 
1.2.3 Reduction of injuries (and their severity) 
This strategy is exemplified by the mandatory use of seat belts and the 
mandatory use of motorcycle helmets. Mandatory seat belt legislation has 
been introduced in at least 20 countries. Several studies concluded that the 
mortality of car occupants could be reduced by up to 60% with seat belt 
legislation(2,206). A study done in The Netherlands showed that drivers 
wearing seat belts have a significantly better chance of surviving and 
a significantly smaller chance of needing hospital admission than drivers 
not wearing seat belts after an accident (235). It was also shown that the 
frequency of brain damage, skull fractures a"nd facial bone fractures was 
reduced (2,173). On the other hand, McDERMOTT (173) showed that seat belts 
may increase the risk of injuries to the neck. 
Another strategy involves the mandatory use of motorcycle helmets, 
introduced in The Netherlands in February 1975 for motorbike users. Such 
regulation was already in force for motorcyclists. The effectiveness of 
the use of motorcycle helmets is beyond question and can be perfectly 
illustrated with data from the United States (174,250). From 1966 to 1976, 
all states within the United States were required to enact and enforce 
motorcycle helmet laws. During this period, fatalities in motorcyclists 
were reduced by 50%. In 1976 Congress revoked the federal sanctions against 
states not complying with the helmet standard. As a consequence at least 
27 states repealed or weakened the helmet laws during the next three years. 
This resulted in a 40% increase of fatalities in motorcyclists in these 
states. Motorcyclists not wearing helmets, are twice as likely to suffer 
injury from the head and up to nine times as likely to be killed (159). 
In The Netherlands the effectiveness of motorcycle helmets for motorbike 
users has also been shown (234,235). The probability of dying was reduced by 
about 40% (235.). 
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1.2.4 Reduction in mortality and morbidity 
The best chance of survival occurs when the interval between injury and 
definitive treatment is as short as possible (20,32,85,246). In World War I, 
SANTY and MOULINIER (212) demonstrated that the mortality of the seriously 
wounded increased sharply when the time between injury and treatment 
exceeded three hours. Military experiences in more recent wars clearly 
demonstrated the reduction of mortality in correlation with the reduction 
of time between injury and treatment (117,201). It has been estimated that 
for every 30 minutes of delay in treatment of severely injured patients, 
the mortality rate rises 300% (66,86). Therefore it is important that 
assistance can be administrated rapidly and effectively. This requires an 
organized system that rapidly deploys properly trained and equipped 
personnel (31,32,63,64). Emergency assistance after an accident consists of 
a complex, but organizable sequence of coordinated activities with each 
phase having a different effect on mortality. This process can be divided 
into three (chronological) phases: 
1. Calling in emergency assistance and in-field trauma care 
2. Care during transport 
3. Hospital care 
A uniform emergency telephone number, which directly links the public 
with emergency services is necessary to quickly activate this emergency 
medical process (205). Initial care could also be started by a layman. 
At the same time, an effective trauma care response should be started. 
There are many differences between various countries (and even within 
these countries) in regard to the general concept of prehospital care, the 
required quality of prehospital care and the method of transportation. The 
most important topic of these differences is the concept of 'in-field 
stabilization' vs the philosophy of quick evacuation ('scoop and run' 
method) (26,73,248). The quality of prehospital trauma care deemed necessary 
is narrowly related to these concepts. It can be argued that in case of 
quick evacuation, ambulance crews do not need to be as highly qualified 
as in case of in-field stabilization. However, it should be noted that even 
proponents of quick evacuation, often include endotracheal intubation in 
the basic 'scoop and run' treatment (73,169, cited by 6, 248). 
Among the proponents of in-field stabilization, differences of opinion 
20 
RURAL-URBAN MODEL 
trauma — » — - transport 1 
transport 1 
• local primary care ¥ 
* rehabilitation center -
"*~ 
* 
-*-
URBAN-SUBURBAN MODEL 
trauma transport 
transport 
trauma center care —•• 
I 
rehabilitation center 
Figure 1.1: Systems operation designs for different géographie 
configurations (32). 
exist as to the required qualification of ambulance crews. Should in-field 
stabilization be instituted by (highly) qualified paramedics, as is the 
philosophy in the United States, or by physicians, qualified in 
resuscitation methods? The method of transport is related to this question. 
Should the critically injured patient be transported by ground vehicles 
or should air rescue vehicles be used? Proponents of in-field stabilization 
argue primarily for the use of helicopters (15,17,91) while proponents of 
'scoop and run' favor ground vehicles (170). 
Definitive care for the trauma patient can only be administrated in a 
hospital. A major controversy in this phase is the question whether trauma 
care should be regionalized. Should patients be transported to the nearest 
(appropriate) hospital, or should patients be transported to designated 
trauma centers? The first concept can hardly be called a system, as it is 
not integrated nor organized (79,246). Thus in this concept the hospital to 
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which the patient will be transported depends totally on chance. 
Coincidental factors, such as distance, local circumstances, and time of 
the day determine which hospital it will be. Categorization of hospitals 
and designation of specialized trauma centers play an important role in 
the concept of regional trauma care in order to ensure that patients are 
taken to appropriate hospitals (31). In urban areas this may not be the 
nearest hospital, but in rural areas it will be. 
Categorization and designation of trauma centers can be done on a 
demographic and geographic basis (Figure 1.1) (32,33). In an urban-suburban 
configuration only a selected number of hospitals need to be designated as 
(regional) trauma center. In this system critically injured patients 
(estimated to be about 10% of the total number of injured patients) should 
bypass community and non-designated hospitals to go directly to 
(regional) trauma centers. Specific critical trauma patient categories need 
to be identified for immediate transportation to (regional) trauma centers. 
These patients can be identified by triage protocols (20,53,57,138,182). In 
a rural-urban setting (and in a wilderness-urban area) trauma patients 
should be transported to a local facility (local trauma center) where 
resuscitation can be adequately provided and life-saving operative treatment 
can be instituted. Suitable guidelines for categorization and designation 
of trauma centers are provided by the American College of Surgeons (64) 
and the Dutch Society of Traumatology (79). 
J. 3 Existing systems of trauma aare in three countries 
In this paragraph the philosophy and organization of present trauma 
care systems in three countries will be described to exemplify differences 
between systems. In this chapter no endeavour will be undertaken to make a 
judgement of value. That will occur later in this thesis (Chapter XII). The 
countries analyzed are The Netherlands, West Germany and the United States. 
The Netherlands 
The Netherlands (402 inhabitants per square kilometer) is a small, crowded 
country, characterized by its (almost) nationwide urbanization (Table 1.4). 
There is no integrated and organized structure of trauma care (79). 
Although a uniform emergency telephone number^ has been under consideration 
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Table 1.4: Some geographic and démographie data of The Netherlands, 
West Germany and the United States and some important regions 
in regard to systems of trauma care (most data refer to 197S) 
Country Population Area Population % in 
(in millions) (sq km) sq km cities 
The Netherlands 
Western part (max) 
Northern part (min) 
West Germany 
United States 
Vermont 
Orange County (Cal) 
13.6 
61.5 
217.8 
0.47 
1.7 
36.842 
248.469 
9.363.487 
24.887 
2.033 
402 
898 
177 
250 
233 
18.8 
836 
80 
61 
75 
since 1967, it is not yet operational (205,249). Only minimal qualifications 
are required for ambulance attendants ('EHBO-qualification', a first aid 
course for laymen). About 30% of the ambulance attendants only meet this 
minimal qualification. Furthermore, there is no legislation concerning 
life saving activities by ambulance attendants, whether nationwide or 
regional. The only legislative criterion is that all places should be 
reached within 15 minutes, so the time elapsed before the administration 
of care should never exceed 15 minutes. 
Almost all transportation is done by ground vehicles. Helicopters are only 
utilized for evacuation of patients from the Wadden-islands or from oil rigs 
in the North Sea. Critically injured patients are almost always transported 
to the nearest hospital. Even in metropolitan areas severely injured 
patients are transported to any hospital with an emergency department. 
After initial resuscitation severely injured patients are not always trans-
ported to more suitable hospitals. 
West Germany 
West Germany (250 inhabitants per square kilometer) (Table 1.4) has a 
completely different nationwide system of trauma care. Before 1970, it 
practiced the concept of trauma care as now exists in The Netherlands. 
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Starting in 1970, regional trauma centers were established along the major 
highways. Integral to this trauma center concept was the institution of 
rapid and highly qualified prehospital transport, which also includes the 
use of aeromedicai ambulance services by helicopters and bringing a 
physician, qualified in resuscitation, to the scene of accident. In 1982, 
physicians were brought to the scene of accident in about 20% of the traffic 
accidents with injured victims (Karlsruher Ingenieursbüros für Verkehrs-
technik (IVT) cited by 125). It is estimated that about 90$ of the 
population is within 15 minutes of a designated trauma center. Different 
concepts of prehospital care exists: 
- the rendez-vous concept: the nearest ambulance reacts, as well as a 
special emergency ambulance or helicopter 
- the assignment concept: in emergency cases only emergency ambulances and 
helicopter react. 
Emergency ambulances are staffed at least by emergency medical technicians 
(minimal 520 hours training in emergency medicine) or physicians. Helicopters 
are staffed by physicians, highly qualified in resuscitation, and an 
emergency technician (125). 
Although this is a nationwide concept, there surely are system failures, 
as was stated recently (17,125). For example, secondary transports of severely 
injured patients from local hospitals to trauma centers are still not 
uncommon, although no exact data are known as to the frequency of these 
system failures. 
The United States 
The United States (233 inhabitants per square kilometer) consists of 
different federal states, characterized by great differences in geographic 
and demographic characteristics (Table 1.4). More rural and wilderness areas 
are found than in Europe. Federal states with their own governments result 
in different trauma systems. In 1966,the National Academy of Sciences of the 
United States stressed the need for regionalization and categorization of 
trauma care(190). In 1973 an Emergency Medical Service Program was accepted, 
that called for the development of a comprehensive system of emergency 
health. This program dictated that any establishment of trauma systems 
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should be a local initiative(32,145). Presently, jurisdiction to designate 
trauma centers does not exist in most state or local governments, nor does 
the federal government claim authority(145). However, in recent years more 
and more states are attempting to establish trauma systems (1). Integral 
to this system is the regional categorization of hospital trauma care 
capability and designation of trauma centers (31,93). This has had 
increasing succes nationwide (138). 
There is still no uniform emergency telephone number, although this is under 
consideration(205). Uniform requirements for the qualification for ambulance 
personnel are present(63,205). There are three training levels: 
- EMT-A (Emergency Medical Technician-Ambulance), trained to provide cardio-
pulmonary resuscitation 
- EMT-Intermediate, trained to detect and treat shock, including intravenous 
therapy, and advanced airway management including endotracheal intubation 
- EMT-paramedics, trained in total advanced life support. 
There is a general philosophy not to send physicians to the scene of 
accident, although the Committee on Trauma of the American College of 
Surgeons (63) recently stated: 'In the ideal prehospital trauma care, 
management of the patient by a physician begins at the scene of injury'. 
Major controversy exists as concerning the philosophy of stabilization vs 
'scoop and run'(26,73), although quick evacuation generally includes 
advanced life support activities such as endotracheal intubation (20,73,248). 
Ground vehicles are mainly used for transportation, but helicopters are 
being used more frequently (15,85,91). 
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Chapter II 
INDICES FOR INJURY SEVERITY 
IT.1 General introduction 
The differences in severity of injuries must be considered in order to 
compare mortality and morbidity of trauma patients, to evaluate prehospital 
and hospital care, and to study the chances of survival (9,10,15,40,247). 
Undoubtedly, attempts to rate the severity of injuries in this way are as 
old as the practice of medicine itself. In ancient Egypt injuries were 
categorized into three classes as was described in the Edwin Smith Papyrus 
(37). However, the first widely known research scale was developed by 
DeHAVEN and his colleagues in 1942 (70). In the 1960's a modified DeHAVEN 
scale was used in the United States. Since then many systems to score injury 
severity have been developed. 
These scoring systems, numerical ratings attached to selected patient 
characteristics, have become major tools in evaluating trauma care (159). 
Theoretically these indices can be used for at least eight different 
medical purposes, each reflecting a different medical aspect of trauma care 
(Table II.1). For specific purposes, specific indices have been developed. 
However, the most common and important medical functions are to evaluate 
and compare trauma care and to evaluate different therapeutic approaches. 
Although most indices have proved to be valuable in comparing groups of 
patients, for most of them the predictive value in individual cases remains 
questionable. 
II. 2 Methocblogia oharaateristios 
Severity indices should meet minimal methodologie characteristics. 
GIBSON (100) suggested the following criteria as essential for severity 
indices: 
- validity: the index should have a high correlation with mortality and/or 
morbidity (predictive validity). Preferably there should be a high 
correlation with other dimensions of severity (construction validity), 
such as treatment and incapacitation time. However, in practice 'threat 
to life' (chance of death) is the main dimension of severity used in 
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Table II.l: Pujases of injury severity indices in sequence of their 
clinical and scientific importance 
1 evaluation of trauma care 
2 evaluation of specific therapeutic measures 
3 (field) triage 
4 clinical decision making 
5 prognosis of individual patients 
6 planning of trauma systems 
7 recognition of changes in epidemiology of injuries and/or traumatic 
deaths 
8 estimation of costs 
injury severity scales (127). 
- reliability: the index should comprise numerical ratings with clear and 
objective rules for deriving and summing the scores, so that at different 
times the same observer (intra-rater reliability) or different observers 
at the same time (inter-rater reliability) will obtain identical scores 
for the same case. 
- data requirements: the index should require by preference data that are 
routinely collected. 
Some additional criteria are suggested as essential for severity indices: 
- the assumption that the severity of the initial traumatic insult is 
assessed prior to clinical intervention (159, 210). 
- consistency in assigning severity of injuries in different component 
areas of the index (171). 
- factors associated with and prior to outcome, but not the outcome itself 
should be included in the index as the index is by definition a predictor 
of outcome. 
- data requirements must be the same for all patients. Autopsy findings 
thus should not be included in the index, as patients who survive have 
no autopsy and in most countries an autopsy is not routinely done. In The 
Netherlands only 10-20% of trauma fatalities undergo an autopsy. 
- the severity index should be useful in different types of trauma (220). 
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- misclassification of prediction in individual cases should be low (51). 
Misclassificiation can be divided into over- and underprediction of death. 
Both are associated with specific implications and consequences. Over-
prediction of death is generally more acceptable to hospitals and agencies, 
since the treatment facility gets the benefit of the doubt and the number 
of apparent successes is raised (51). On the other hand, underprediction 
of death is more desirable with regard to individual patient management, 
since the patient gets the benefit of the doubt (189). 'True' false 
predictions of survival should be distinguished from 'false' false 
predictions of survival caused by therapeutic or system failures. The 
former are unpredicted deaths that could not have been prevented by a more 
appropriate or timely intervention in a given system of trauma care. The 
latter may be failures of the system or of one system component (53). 
Values for severity of injuries can be assigned either subjectively, using 
group consensus procedures, or empirically, using large data sets and multi-
variate statistical techniques to estimate the probability of outcome. 
Indices based on observed outcomes reflect both the severity of the injury 
and the quality and quantity of medical treatment rendered. When severity 
scores are subjectively assigned by a group of experts, it is implicitely 
assumed that severity of the initial injuries is assessed prior to treatment 
interventions. The advantages and disadvantages of the different underlying 
concepts are discussed in more detail by GUSTAFSON et al (115). 
Clearly the severity of injuries is not the only factor which significantly 
influences outcome. Before a critical evaluation of trauma care can be 
undertaken, all the known major factors influencing outcome must be included. 
Factors with a possible influence on outcome are age, pre-existing disease, 
physiological reaction to trauma as well as the type of injury (38,51,102, 
109,228). 
Injury severity indices in general can be divided into indices using 
physiological parameters (52,53,66,178), indices using anatomical diagnoses 
(51,59,177), and indices using both (4,194,195) (Table II.2). Some widely 
used indices from these categories will be discussed, with emphasis on their 
use in evaluating trauma care. The Trauma Score will be discussed as an 
example of a severity index using physiological parameters, the Abbreviated 
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Table 11.2: Different injury severity indices 
Type of parameters Name of index Author(s) 
Physiological Prognostic Index 
Acute Trauma Index 
Triage Index 
Trauma Score 
Cowley et al (66) 
Milholland et al (178) 
Champion et al (52) 
Champion et al (53) 
Anatomical Anatomical Injury Code Milholland and Cowley (177) 
Anatomie Index Champion et al (51) 
Abbreviated Injury Committee on Injury 
Scale Scaling (59,61,62) 
Physiological and 
Anatomical 
Hospital Trauma Index 
Polytraumaschluessel 
Schweiberer 
American College of Surgeons (4) 
Gestern et al (194,195) 
Schweiberer and Sauer (216) 
Injury Scale as an example of an index using anatomical diagnoses, and the 
Hospital Trauma Index as an index using both. Both the Abbreviated Injury 
Scale and the Hospital Trauma Index are used for deriving an Injury 
Severity Score as described by BAKER et al (10). 
II. 3 The Trauma Score (TS) 
II.3.1 Introduction 
The Trauma Score (TS), developed in 1981 by CHAMPION et al (53), is a 
simple physiological measure of injury severity. They proposed it for use in 
in-field triage and evaluation of (pre)hospital trauma care (53,56). The TS 
measures the physiological responses to injury as derived from the cardio-
vascular and respiratory status and the level of consciousness. It uses 
clinical parameters which are universal, such as blood pressure, respiratory 
rate and the Glasgow Coma Scale (238). Scores range continuously from one, 
the worst condition, to sixteen, the best. The score can be determined 
immediately following injury without special testing or equipment. Because 
30 
Table I I . 3 : Some aharaateristias of the Trauma Score, the Abbreviated Injury Saale and the Hospital· Trauma Index 
Characteristic 
Author(s) 
Intended 
purpose(s) 
Definition of 
seventy 
Parameters 
Data 
requirements 
Validity 
testing 
Reliability 
testing 
Trauma Score (TS) 
Champion et al (53) 
- field triage 
- evaluation of (pre)-
hospital care 
threat to life 
physiological response 
to injury 
easy to acquire parameters 
at site or on admission 
- mortality 
- triage criterium 
inter-rater 
Abbreviated Injury Scale (AIS) 
Committee on Injury Scaling 
(59,61,62) 
'method for rating and 
comparing injuries in auto-
motive crashes' 
primarily threat to life 
- anatomical diagnoses 
- in AIS-80 also physiological 
response to injury 
all available diagnoses 
- mortality 
- incapacitation time 
- length of hospital stay 
- costs 
- temporary industrial 
disablement 
- inter-rater 
- intra-rater 
Hospital Trauma Index (HTI) 
American College of Surgeons 
Committee on Trauma (4) 
'method for rating and 
comparing injuries' 
primarily threat to life 
- all anatomical diagnoses and 
physiological response to 
injury 
- only anatomical diagnoses and 
phsyiological response to injury 
in first day and before death 
diagnoses and phsyiological 
response to injury in first day 
and before death (109) 
- mortality 
- inflammatory parameters 
none 
TS is a dynamic physiological measure, it can be strongly influenced by the 
quality of care. This makes TS especially attractive to evaluate prehospital 
trauma care. The characteristics of TS are shown in Table 11.3. 
11.3.2 Validation 
CHAMPION et al (53) found a significant correlation between TS on admission 
and probability of survival in 821 patients with blunt trauma. However, there 
was a high underprediction of death (33%). MILLER et al (182) and JACOBS et 
al (128) demonstrated a good correlation between in-field TS and mortality. 
11.3.3 Reliability 
An inter-rater agreement of 77% between the TS as scored by an ambulance 
attendant just before admission and a physician on admission was shown by 
LINDEN et al (148). When a TS difference of one point was accepted, the 
inter-rater agreement increased to 92%. Other studies showed an inter-rater 
agreement of 91% and higher when a difference of one point was accepted 
(183,211). 
11.3.4 Current applications 
CHAMPION et al (53) stated that the TS can be used for field triage. This 
was confirmed by MILLER et al (182). CHAMPION et al (53) concluded that for 
purposes of field triage, patients likely to benefit from prompt diagnosis 
and definitive treatment at a trauma center are those with a TS of 12 points 
or less. Such a TS is present in about 10% of trauma patients. However, 
CHAMPION (54) later stated that TS 'can not be expected to serve alone as 
a triage tool'. This was confirmed by KANE et al (138). In addition, TS has 
been used for evaluation of prehospital trauma care (119,128,226) and 
evaluation of specific prehospital therapeutic measures (162,215). 
II. 4 The Abbreviated Injury Saale (AIS) 
II.4.1 Introduction 
In 1968, the American Medical Association, through its Committee on Medical 
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Aspects of Automotive Safety, started the development of a more objective 
method to describe severity of trauma, which they stated would 'provide 
researchers with an accurate method for rating and comparing injuries in 
automotive crashes and to standardize language used to describe the 
injuries' (59). This was done by subjective ratings of different injuries 
by more than 50 specialists including physicians, engineers, and researchers 
concerned with crash injuries. The target was to give equivalent and uniform 
ranking orders of severity for all types of possible injury. 
The numeric code used was (and is) not a linear progression, but simply a 
means for distinguishing between the severity of different injuries. Thus, 
an injury coded 2 is not necessarily half as severe as an injury coded 4. 
This method was called the Abbreviated Injury Scale (AIS). Initially this 
method mixed severity and outcome. It included 'fatal codes' (numbered AIS 6 
through AIS 9) to be used when death occurred within 24 hours of injury 
irrespective of the injury severity, whereas the lower codes indicated only 
anatomical injuries. In addition, as the Committee itself and others stated, 
AIS tended to be subjective (51,60). For these reasons AIS was totally 
revised in 1976 (61), after interim versions in 1974 and 1975 (137). In the 
1976 version, the fatal codes were eliminated (AIS 6 through AIS 9) and a 
new code, AIS 6, was applied to specific injuries 'that invariably result in 
death given our present care capabilities' (61) (Table II.4). 
Based upon the results of the widespread use in the late 1970's, AIS 
underwent further significant revision during 1978-1979, especially in the 
area of brain injuries, resulting in the AIS-80 version (62). In this AIS-80 
version head injuries, other than those to the skull, are described in 
terms of anatomic lesions as well as levels of consciousness. This sub-
division into anatomical and clinical (physiological) diagnosis was a 
departure from the original AIS philosophy of coding only anatomical lesions, 
but was necessary in order to alleviate some of the problems in coding head 
injuries. In the AIS-80 version, a rating of AIS 1 through AIS 6 is given 
for seven body areas: external, head, neck, thorax, abdomen with pelvic 
contents, spine, and extremities with bony pelvis. When multiple injuries 
are present in a single body area, the final index is determined by the most 
severe injury..Characteristics of AIS are shown in Table II.3. 
Recently MAYER et al (171,172) developed a new AIS version for head injuries, 
using the Glasgow Coma Scale (238), pupillary reflexes, oculocephalic and 
oculovestibular reflexes, and the presence of a surgical mass lesion. 
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Table II.4: The AIS family after MATTERN (168) 
Author(s) Index Uninjured Non life- Life- Fatal 
DeHaven (70) 
COIS (59)* 
COIS (61)* 
COIS (62)* 
Am.Col I.Surg. 
Goris (109) 
(4) 
AIS-71 
AIS-76 
AIS-80 
HT I 
HT I 
0 ] 
0 ] 
0 I 
0 ] 
0 ] 
0 ] 
threatening 
L 2 
L 2 
L 2 
L 2 
I 2 
L 2 
3 
3 
3 
3 
3 
3 
threaten! 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
ng 
5 
6 7 8 9 
6 
6 
6 
-
Committee On Injury Scaling (COIS) 
Because AIS is a system for scaling the severity of single injuries, it 
has serious limitations when dealing with multiple injuries. For scaling 
patients with multiple injuries, the Injury Severity Score, using AIS, was 
developed by BAKER et al in 1974 (10). This will be discussed in Chapter II.6. 
AIS is coded from all information available, including autopsy reports. 
The use of the hospital discharge record as the primary source of information 
is advised (160). Unfortunately, as revisions of AIS are not published in 
medical journals, access to AIS on this side of the Atlantic is very 
difficult (109,202). 
II.4.2 Validity 
BAKER et al (10), using AIS-71, attempted to correlate AIS with mortality. 
Autopsy and discharge data from a total of 2128 traffic accident victims 
were used to derive an AIS rating (AIS 1 through 5) for the injuries in each 
of six body regions. Mortality was found to increase disproportionally with 
AIS rating, and in addition, death varied greatly within each AIS grade 
for the most severe injury depending upon the second most severe injury. 
Therefore the predictive ability was low. The correlation of AIS with 
mortality was also studied for non-traffic blunt and penetrating trauma 
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(19,220). For penetrating injuries such a correlation was even poorer than 
for road traffic accident injuries (19). 
The validity of the 'head' score of AIS-80 was tested by classifying 434 
patients with a head injury (95). This was compared with the outcome one 
month following injury assessed by the Glasgow Outcome Scale (134). A highly 
significant correlation between AIS-80 for head injuries and outcome was 
found. 
Further a good correlation was shown between AIS and incapacitation time 
(144), AIS and length of hospital stay (29,121), AIS and economic costs of 
trauma (84,166,187) and AIS and temporal industrial disablement (29). 
11.4.3 Reliability 
The first reliability study was conducted for AIS-76 using 98 trauma 
admissions (156). Inter-rater reliability was measured between two nurses 
and a research worker. The two nurses agreed 74% of the time, which 
represents substantial agreement. Inter-rater reliability was greater for 
vehicular injuries than for non-vehicular injuries such as assaults and 
penetrating injuries. 
A recently completed reliability study of AIS-80 found that the 
reliability was good for blunt and penetrating injuries (157,158,159,161). 
For those injuries identified and recorded by each rater (the number of 
injuries per patient ranged between 2.6 and 4.2), the percentage of 
agreement ranged between 74 and 87% for blunt trauma and between 65 and 
76% for penetrating injuries (kappa: range 0.66-0.81, representing sub­
stantial agreement). Intra-rater agreement was also found to be substantial 
(kappa >0.61 for all raters). The authors concluded that the reliability 
of AIS in blunt trauma is high. The reliability in penetrating injuries, 
while somewhat lower, is still at acceptable levels (159). 
11.4.4 Current applications 
AIS is the most widely used system тог rating the severity of injury, 
especially motor vehicle related injuries (159). The most essential medical 
application is to form the Injury Severity Score for evaluation of trauma 
care (51,100,159) (see Chapter II.6). AIS itself has been used for measuring 
the social implications of trauma (29,84,166,187) and for biomechanical 
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evaluation studies (14,213). 
II. 5 The Hospital Trauma Index (HTI) 
11.5.1 Introduction 
An adaptation of AIS was published in 1980 by the American College of 
Surgeons Committee on Trauma as the Hospital Trauma Index (HTI) (4). HTI 
scores the severity of injuries in six organ systems: 'respiratory', 
'cardiovascular', 'nervous system', 'abdominal', 'extremities' and 'skin 
and subcutis'. An index of HTI 0 indicates no injury while HTI 6 indicates 
a fatal injury. Essentially, HTI is a threat to life scale. The use of 
HTI 6 was not recommended as this code measures outcome and thus not only 
the severity of injury (10,106). The numeric code is not a linear 
progression, but simply a means for distinguishing between severity of 
different injuries (Table II.4). 
In contrast to AIS, HTI contains both anatomical and physiological 
elements. The most important of these pathophysiological diagnoses are the 
systolic blood pressure (the lowest blood pressure obtained before emergency 
operation) and blood loss. Only those findings directly resulting from the 
injury (e.g. not aspiration occurring in the hospital or blood loss resulting 
from operation on fractures) and diagnoses made during the first 24 hours 
after admission and those made prior to death were recommended to use (109). 
Furthermore, HTI differs from AIS in that when multiple lesions are 
present in a single organ system, the final index is determined by 
assimilating two major lesions (HTI 3) into one severe (HTI 4) and two 
severe lesions into one critical (HTI 5) (109). This modification was 
proposed by BULL in 1975 for AIS (10). HTI utilizes objective rather than 
subjective data. On average the same lesion scores lower with HTI than with 
AIS, leading to lower ISS scores in less severely injured patients (106, 
108,109). The characteristics of HTI are shown in Table II.3. 
11.5.2 Validity 
For thoracic injury the validity of HTI was tested by SMIT-NEUERBURG et 
al (224). They found a significant correlation between the respiratory system 
index and mortality. NUYTINCK et al (192) found a large number of significant 
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correlations between the body area 'extremities' and biochemical parameters. 
11.5.3 Reliability 
No reliability testing is known by the author. By comparing our own results 
in the past, we had the impression that the inter-rater agreement rate was 
high (see also Chapter VII). The patients who were troublesome to score were 
those patients in whom the systolic blood pressure decreased due to inproper 
infusion therapy, or those patients not operated upon with an unstable 
systolic blood pressure. 
11.5.4 Current applications 
HTI is generally used with the Injury Severity Score (see Chapter 11.7). 
II. 6 AIS-ISS 
II.6.1 Introduction 
As mentioned earlier, AIS has serious limitations when dealing with 
multiple injuries (10). In an attempt to relate AIS scores with mortality, 
BAKER et al (10) developed the Injury Severity Score (ISS) based on AIS. 
Each body area was categorized by the most severe injury in that area. 
Mortality was found to increase disproportionally with each AIS rating: 
AIS 1, 0%; AIS 2, 0.5%; AIS 3, 3%; AIS 4, 16%; AIS 5, 64X. In addition, 
death rates varied greatly within each AIS value for the most severe injury, 
depending upon the AIS value of the second or third most severe injury, 
though such additional injuries in themselves would not be life-threatening. 
The inclusion of injuries in a fourth body area did not improve correlation 
with mortality. This led BAKER and her colleagues (10) to develop the ISS, 
which is the sum of the squares of the highest AIS value in each of the 
three most severely injured areas. They did not use AIS 6 through AIS 9 
from AIS-71; the maximum code used was AIS 5. 
For current use of AIS-80 in ISS, the unusual phenomenon occurs that ISS 
regions do not necessarily parallel AIS regions used. Thus the body area 
'spine' does not exist as a separate area when using AIS in ISS. Moreover 
injuries to the diaphragm are included in the body area 'chest' in AIS-ISS, 
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but in the body area 'abdomen' in AIS. Further it is advised that an ISS 
of 75 points is automatically assigned to the new code AIS 6 which is used 
to cover specific injuries that 'invariably results in death given our 
present care capabilities (62). As AIS-ISS is a discontinuous scale ranging 
from 0-75, only 44 values are possible. The highest values are ..57-59-66-
75. Characteristics of AIS-ISS are shown in Table II.5. 
II.6.2 Validity 
The AIS-ISS ratings have been validated by several authors. The first to 
do this were BAKER et al (10). Their study group included 1,965 patients 
admitted alive to a hospital after trauma (the total study group contained 
2,128 patients, but 163 patients were dead on arrival). They found a good, 
but non-linear correlation between AIS-ISS and mortality rate. This 
correlation was greatly influenced by age. 
AIS-ISS was further validated by BULL who applied it retrospectively 
to a series of 1333 hospital admissions from traffic accidents in 1961 
(38,39). He found a significant correlation with mortality. He also showed 
that mortality was influenced by increasing age. 
SEMMLOW and CONE (220) applied AIS-ISS to 8,852 injured patients who were 
hospitalized in two Illinois regions. They applied it to both traffic and 
non-traffic accidents. The relationship between AIS-ISS and mortality rate 
showed notable similarity with the afore mentioned studies. From their 
results, they concluded that AIS-ISS is also valid for non-vehicular trauma. 
However BEVERLAND et al (19), applying AIS-ISS to 876 patients with 
penetrating trauma, found a poor correlation with mortality. 
CHAMPION et al (51) stated that the patient sets that had been used in 
the AIS-ISS mortality studies had low mortality rates (less than 10% of 
patients had an AIS-ISS of 20 or higher in most studies). They also argued 
that 'because combinations of modestly severe injuries may result in a 
higher ISS than a single fatal injury, ISS does not meet the requirements 
of an ordinal scale, let alone an interval scale'. This criticism is 
especially important for patients with life-threatening head injury, as it 
is not uncommon that this is the only injury sustained. In such cases the 
average AIS-ISS is low. For other life-threatening injuries, such as thoracic 
aortic rupture or crushed liver, the patients have usually sustained multiple 
injuries thereby resulting in much higher AIS-ISS scores. It can be argued, 
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Table II.5: Characteristics of the Injury Severity Score, computed using the Abbreviated Injury 
Scale (AIS) and the Hospital Trauma Index (HTI) 
Characteristic 
Author(s) 
Purposes 
Definition of Severity 
Parameters 
Data requirements 
Validity-testing 
Reliability-testing 
AIS-Injury Severity Score 
Baker et al (10} 
'to describe patients with mu 
injuries and to evaluate hosp 
trauma care' 
threat to life 
AIS-scores 
as for AIS 
- mortality 
- disability 
- length of hospital stay 
- biochemical parameters 
- inter-rater 
- indirpr.t. 
Iti pi e 
i tal 
HTI-Injury Severity Score 
American College of Surgeons 
Committee on Trauma (4) 
'to describe patients with multiple 
injuries and to evaluate hospital 
trauma care' 
threat to life 
HTI-scores 
as for HTI 
- mortality 
- length of hospital stay 
- biochemical parameters 
- multiple organ failure score 
none 
that AIS-ISS should not be applied to patients with only a head injury, as 
these are not multiple injured patients. On the other hand it is known that 
the prognosis for patients with multiple injuries including severe head 
injury is worse than the prognosis for patients with same AIS-ISS, but 
without a severe head injury (109). Therefore it is clear that AIS-ISS will 
have a high underprediction of death. 
The question arises whether AIS-ISS should be applied to predict outcome, 
because in that case per definition prediction will be made before death 
(before outcome is known), while this method was created using also 
diagnoses found at autopsy. Moreover its predictive value for a particular 
individual will always be questionable, despite its acknowledged use-
fulness in the analysis of morbidity and mortality for groups of injured 
patients (11,51,102,194). 
In addition to the good correlation with mortality, AIS-ISS shows a good 
correlation with other indirect measures of severity of trauma. It has been 
shown that a linear correlation with hospitalization time exists, when 
computed only using those patients who survived long enough to be dis-
charged (38,39,220). Furthermore there is a good correlation with dis-
ability (38,39,172). 
For patients with minor and moderate injuries, STONER et al (233) found 
a significant correlation between Cortisol concentrations and AIS-ISS. 
OPPENHEIM et al (196) also showed a positive correlation with such 
biochemical parameters as lactate, pyruvate, and glucose. DAVIES et al (69) 
reported a positive correlation with circulating noradrenaline and 
adrenaline in the immediate postinjury period. 
A modification of AIS-ISS was introduced by MAYER et al (171,172). Except 
for neurological injuries, this modification uses the categories and rankings 
of AIS-80. Neurological injuries are scored using a combination of the 
Glasgow Coma Scale (GCS) and other neurological findings. This Modified 
Injury Severity Scale (MISS) is calculated in the same way as normal AIS-
ISS. They found a good correlation between MISS and mortality. 
11.6.3 Reliability 
Because the AIS values are squared, the differences that occur in AIS 
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coding are compounded. To measure inter- and intra-rater reliability 
MacKENZIE et al (156) analyzed the effect of AIS disagreement on ISS score. 
Surprisingly they found an increase in level of agreement, reflecting the 
finding that disagreements in coding primarily occur in the scores AIS 1 
vs AIS 2 or AIS 2 vs AIS 3. In another more recent study, using AIS-80, 
MacKENZIE et al (161) found a high inter-rater agreement (Intraclass 
Correlation Coefficient 0.83). 
Indirect information on inter-rater reliability can be deduced from 
series that include patients with isolated critical head injuries, reported 
by GILMORE et al (102) and MUCHA et al (185). These patients were 
attributed an AIS-ISS of 25 points in GILMORE's series and an AIS-ISS of 
36 points in MUCHA's opinion, which reflects substantial difference 
assigning scores. 
II.6.4 Current applications 
Currently, the most common and important function of AIS-ISS is to 
evaluate and compare the quality and outcome of trauma care between two or 
more facilities or systems (24,41,50,68,72,75,118,191,256,261), or between 
different periods (259). Also AIS-MISSis used to evaluate trauma care (124). 
II. 7 HTI-ISS 
II.7.1 Introduction 
HTI has serious limitations in dealing with multiple injuries for the 
same reasons as stated for AIS (see Chapter II.6). An ISS can be computed 
using HTI, according to GORIS and DRAAISMA (106). Such an HTI-ISS is defined 
as the sum of the squares of the highest HTI value in each of the three 
most severely injured areas. As HTI-ISS regions coincide totally with regions 
used in HTI, calculation of HTI-ISS is more simple than for AIS-ISS. HTI-ISS is 
a discontinuous scale ranging from 0-75, but only 44 values are possible. 
It was shown that in more severely injured patients HTI leads to higher 
ISS scores than the AIS (106,109) (Table II.5). 
41 
11.7.2 Validity 
HTI-ISS has been validated by several authors. GERRITSEN et al (97) 
documented a good correlation between HTI-ISS and mortality for patients 
admitted to an intensive care unit. In this group of severely injured 
patients, 68% (n=389) had an HTI-ISS of more than 20 points. 
GORIS (109) documented a positive correlation between HTI-ISS and 
mortality for a group of multiple trauma patients. He introduced an analysis 
of mortality in three clearly unrelated clusters: death after injury from 
patient-related risk factors, death from central nervous system (CNS) 
injury, and death from the severity of all injuries and/or complications. 
The inclusion of patients dying from CNS injury was shown to disrupt 
mortality rates in the middle range of HTI-ISS values; this same observation 
has also been made for AIS-ISS (51). Furthermore GORIS et al (108) 
demonstrated a (low) correlation with hospital stay. 
NUYTINCK et al (192) found many significant positive correlations with 
immunologic and other biochemical parameters on admission and later during 
the clinical course. Moreover, they showed a significant correlation between 
HTI-ISS and the incidence of ARDS, which was also found by JOHNSON et al 
(136). There was also a significant correlation between HTI-ISS and the 
incidence and severity of multiple organ failure (192). 
11.7.3 Reliability 
No studies to test the reliability are known to the author. 
11.7.4 Current applications 
The most important function of HTI-ISS is also to evaluate the quality 
and outcome of trauma care (42,106,111,152). It was used by several authors 
to study the advantages of early fixation of fractures in patients with 
multiple injuries (28,108,136,219). 
II. 8 D-isaussion 
Injury severity indices are major tools used in evaluating and comparing 
the quality and outcome of trauma care (46,100,151,159,247). The main 
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underlying concept for all the severity indices discussed is the probability 
of death as a result of trauma. 
But, clearly, the severity of all injuries is not the only factor which 
significantly influences the outcome (Figure II.1). Before critical 
evaluation of trauma care can be undertaken all known major factors 
influencing outcome must be included as age (10,24,38,39,40,132,182), pre-
existing diseases (109,159), the extent of neurologic injury (57,102,109, 
171,172) and the physiological response to injury (51,116,159). Although 
such factors are known to significantly affect outcome, it is debatable 
whether these variables should be incorporated in the severity index itself, 
or whether appropriate adjustment for these variables should be made during 
data analysis (159). However at present, no index is known that includes 
all the important above mentioned prognostic factors. 
The intended purposes of the severity indices reviewed are not the same 
(199). The Trauma Score is mainly suited for prehospital triage and 
evaluation of prehospital care, although it is now used (in combination 
with AIS-ISS) for evaluation of hospital trauma care (53,56,159). The other 
indices are mainly devised for comparing and evaluating different 
facilities or systems of trauma care (10). 
For evaluating and comparing purposes, information available early in the 
patient's course is preferable to information available only later on. 
Predictive indices late in the patient's course reflect not only the initial 
insult to the body, but also the impact of clinical interventions; there-
fore they can not be regarded as injury severity indices, but only as 
prognostic indices. Essentially the term severity of injury refers to the 
condition of the patient before treatment is initiated. In some studies, 
first aid and ambulance transport are considered to be aspects of management, 
but for in-hospital care evaluation, the term severity of injury will 
mostly refer to the patient's condition upon hospital admission (53,94,109) 
(Figure II. 1). For these reasons it is to be questioned whether an index 
containing autopsy findings should be used for evaluative purposes. In the 
first place, such information can not be gathered early in the patient's 
clinical course, and secondly, all trauma deaths are not autopsied in 
every country. However, the most important reason for excluding autopsy data 
is the fact that missed diagnoses will result in a better predicted 
prognosis than the actual prognosis would be. The result could be unexpected 
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death, which reflects inappropriate care. Therefore, it does not seem 
reasonable to include autopsy findings for evaluative purposes. 
All reviewed severity indices have been validated retrospectively against 
mortality. Although no prospective validation study has been done, large 
studies are in progress (12,55). Most of the severity indices reviewed have 
a high percentage of death underprediction. The most notable under-
prediction failure is in identifying the patient population in which death 
occurs because of head injury. 
If these indices are used for evaluation of trauma care, hospitals or 
systems where head injuries are prominent in the patient population would 
appear to be seriously disadvantaged. Some possible solutions to this problem 
have been offered by introducing clusters of different patient populations, 
in- and excluding CNS deaths (109,259). However, if indices were to contain 
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all known predictive factors, this underprediction of death would be much 
lower. 
Reliability testing was done for TS, AIS-76, AIS-80 and AIS-ISS. In The 
Netherlands, data gathering, with the exception of autopsy data, is easy. 
In The Netherlands autopsy is not routinely performed and family consent 
is required, resulting in a low frequency of autopsy in trauma fatalities 
(10-20%). 
Taking all these facts into consideration, which injury severity index 
should be used for the evaluation of trauma care? CHAMPION et al (51) and 
MacKENZIE (159) argued that a combined index, based on anatomical diagnoses 
as well as physiological response to injury, is a substantial improvement 
on an index based only on anatomic factors. However, for the optimal 
evaluation of hospital trauma care, all known factors which could possibly 
influence outcome should be included in the analysis. For the evaluation 
of prehospital care, for the moment TS alone is the most valid and reliable 
index. 
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Chapter III 
EVALUATION OF TRAUMA CARE 
III. 1 General introduction 
The care for the trauma patient is an important medical problem. Since 
40 to 50% of traffic fatalities die after reaching the nospital (Table 
III.l), appropriate care in the hospital is as important as appropriate 
care at the scene of accident and during transport. In the United States and 
in West Germany much attention has been given to the training of ambulance and 
emergency department staffs, to the availability of the medical staff, and 
to the use of diagnostic and therapeutic methods. Although even in 1961 Van 
WAGONER (254) criticised the hospital care by the medical staffs, until 
recently this aspect has scarcely been evaluated. In the last few years a 
growing interest in this problem has arisen and several methods have been 
developed to evaluate prehospital and hospital trauma care. In The 
Netherlands, until recently, trauma care was hardly evaluated (111). 
The care for the trauma patient can be divided in three phases: 
- care at the scene of accident 
- care during transport 
- hospital care. 
Patients who die at the site of accident or during transport are, in general, 
severely injured. These deaths are caused by severe lacerations of the brain, 
the brain stem, the heart or the principal blood vessels. Only a scant number 
of these patient might survive, under even the most favorable medical 
conditions (9,89,104,123,227,243,246). Every effort to improve prehospital 
care should be focused on the speed of the response to the emergency call, 
speed of transport, maintenance of an adequate airway, optimal ventilation, 
and adequate treatment of hemorrhagic hypovolemic shock (22,89,128,149,154). 
Transport is an important cause of time lag. During World War I, the time 
lag between injury and definitive treatment was still between 12 and 18 
hours, and the mortality rate was about 8.5%. SANTY (212) pointed to the 
fact that mortality increased exponentially if the time lag between injury 
and definitive treatment exceeded three hours. The time lag was reduced in 
47 
Table III.l: Flaee of traffic fatalities in different studies 
Author 
Jamieson (129) 
Spelman (228) 
Gögler (105) 
Hoffman (122) 
Year 
1966 
1970 
1972 
1976 
No. of 
patients 
188 
794 
337 
344 
DAS* 
35 
50 
42 
50 
DOA* 
(X) 
13 
2 
5 
6 
Hospital 
(%) 
52 
48 
53 
44 
* DAS Death At Site of accident 
DOA Death On Arrival (in hospital), so death during transport 
World War II to between б and 12 hours, and the mortality rate dropped to 
5.8%. A further reduction was achieved during the Korean Conflict. The 
average time lag was between 4 and б hours, and the mortality rate was 2.4%. 
Perhaps the most dramatic reduction in time lag came during the Viet Nam 
Conflict. The average time lag was between 1 and 4 hours, and the mortality 
rate dropped to 1.8% (117). These figures are the more remarkable as a 
greater number of severely injured patients reached the hospital alive, and, 
theoretically, with the same quality of care, it could have been expected 
that mortality would rise. Many other authors affirmed that a short interval 
between trauma and definitive treatment raises the chance of survival (9, 
23,106,217,246). 
Although transport may be an important cause of delay, three other factors 
are even more often significant in causing time lag: 
- transport to the nearest hospital, followed by referral to a trauma center 
- excessive diagnostic procedures 
- slow decision making 
In the United States it has been shown that direct transport to a trauma 
center has better results than transport to the nearest hospital (1,31,32, 
42,187,197,259). Furthermore, none of the patients in these studies died 
as a result of bypassing the nearest hospital. Other studies showed that a 
temporary stop at the nearest hospital does not benefit patients (120,126, 
180). These findings were also confirmed by studies done in West Germany 
(17,188) and in the United Kingdom (96,135). These findings verify the war 
experiences in the Korean and Viet Nam Conflicts, where casualties were 
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taken directly from the battlefield to a surgical hospital. 
Excessive diagnostic procedures are also an important contributing factor 
to preventable mortality. FOLEY et al (89) even stated: 'If hypovolemic 
shock is ignored long enough, death on the X-ray table .. is synonymous 
with death from an injury from which patients .. might well have survived'. 
This has been confirmed by other authors (106, 258). 
The phenomenon of slow decision making is closely related to these 
excessive diagnostic procedures. This leads to a delay of the necessary 
therapeutic and operative procedures. Only about 25% of all fatalities 
in the hospital die within the first two hours after admission (254), so for 
most patients there is sufficient time available for adequate diagnostic 
and therapeutic procedures. This period has been called the Golden Hour, 
because mortality in this period can be reduced significantly by adequate 
diagnostic and therapeutic procedures (66). 
III. В Evaluation of prehospital trauma oare 
III.2.1 Introduction 
Although the merits of prehospital emergency care have been shown, there 
still exists considerable controversy as to its effectiveness in trauma (22, 
27,43,226). The main question is which is superior: in-field stabilization 
or the 'scoop and run' method. 
In general, trauma care has benefitted greatly from rapid transport to a 
hospital where definitive care can be rapidly provided. However, it has not 
yet been established what the critical distance to such a hospital can be, 
before the patient suffers deleterious effects due to the delay. Direct 
transport to a trauma center is a key factor of regional trauma care. In­
field stabilization makes this possible. If only the 'scoop and run' method 
is employed, long(er) transport times may have a deleterious effect on 
patient outcome (73), although it has been shown that in short transports 
bypassing hospitals makes no difference (42, 259). In this chapter the 
literature on prehospital trauma care is reviewed. 
111.2.2 Preventable mortality 
Several studies have shown that death occurring before arrival at the 
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hospital usually is a result of an overwhelming injury (9,104,123,198). These 
studies showed that only a few fatalities could be prevented by optimal pre-
hospital care. However studies performed by FORTNER et al (90) and APRAHAMIAN 
et al (6) indicated that a number of the prehospital fatalities from 
hemorrhage and respiratory failure could be prevented by optimal prehospital 
care. Furthermore, preventable death in the prehospital setting could occur 
from airway obstruction, aspiration, tension pneumothorax and pericardial 
tamponade (73,104,110,123). 
GILROY (104) concluded from his study, that prehospital care should 
principally aim to help those who reach hospital alive to do so in a better 
condition, rather than to concentrate on those who at present die before 
admission. The expected result would be a better prospect of survival and 
recovery. 
III.2.3 Time factor 
The value of in-field stabilization depends on existing geographic and 
demographic characteristics, which result in three different patient 
categories (73): 
- patients with short transport times (less than 15-20 minutes) 
- patients with long transport times (more than 45 minutes) 
- patients with intermediate transport times. 
Virtually all studies agree that in all three categories spine 
immobilization, airway protection, oxygen supplementation and pressure 
control of massive bleeding should be performed as soon as possible. 
Controversy exists as to the effectiveness of further in-field stabilization 
including placement of IV lines, pneumatic antishock garment, endotracheal 
intubation, pericardiocentesis and thoracostomy. Nearly all authors 
support in-field stabilization in rural areas (transport times of 20 to 
30 minutes and longer). Most controversy exists as to the effectiveness of 
prehospital stabilization in urban and suburban areas with transport times 
of less than 15-20 minutes. Of most concern is the use of ineffective 
prehospital intervention resulting in long transport delays, when the 
trauma center is nearby. 
Two such stabilization procedures, namely the insertion of intravenous (IV) 
lines and endotracheal intubation, will be discussed more in detail. 
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111.2.4 Fluid administration 
Because of the associated time lag, the prehospital insertion of IV lines 
is controversial in the urban setting. The average time for inserting an 
IV line is 5 to 11 minutes (73,164,226). However, CALES (42) could not show 
an increased treatment and transport time when IV lines were started at 
the accident scene. The maximal delivery rate with an IV line using a 
14 gauge needle and a pressure cuff is about 200 ml/minute, but as a rule 
not more than 100 ml/minute may be infused in this way (78). With normal 
transportation times of 10-20 minutes, maximally 1000-2000 ml could be 
infused. To replace one volume of blood loss, a three-fold volume of a 
balanced electrolyte solution is required (248). Hence a 700 ml blood loss 
would require at least 2000 ml of electrolyte solution. In cases of severe 
hemorrhage, blood loss exceeds 150 ml/minute (243), so in the first 
10 minutes the patient will lose a volume of at least 1500 ml of blood. 
In cases of moderate blood loss (30-150 ml/minute), there will be a life-
threatening blood loss within an hour. For these theoretical data, the 5 
to 11 minute delay necessary for IV line insertion could cancel out the 
benefits of IV fluid administration and result in profound shock. In stable 
patients and patients with moderate blood loss, the value of fluid 
administration is uncertain. When dealing with patients with severe central 
nervous system (CNS) injury, it seems worthwhile to start an IV line, 
because arterial hypotension is extremely deleterious for these patients 
(13,76,181,193). 
In spite of this theoretical consideration, which one learns not to use 
in-field IV lines, some studies showed the contrary. In a historically 
controlled study of 108 individuals who jumped from the Seattle's George 
Washington Memorial Bridge, the effectiveness of prehospital stabilization 
was well documented (90). In 1970 a paramedic system was instituted, using 
an in-field stabilization protocol, including endotracheal intubation and 
insertion of IV lines. Before 1970, the 'scoop and run' philosophy was used. 
Although the percentage of fatalities at the time of arrival of the para-
medics was the same before and after 1970, the number of patients dead 
upon arrival at the hospital was significantly lower in the second period. 
The overall probability of survival was three times higher. The average 
AIS-ISS of survivors was significantly higher in the second period. 
APRAHAMIAN et al (6) studied the effect of the in-field stabilization 
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approach on mortality from major perforating intra-abdominal vascular trauma. 
They showed a significantly better result for the in-field stabilization 
approach. In the entire stabilization group, 46% had an arterial blood 
pressure increase of at least 20 mm Hg. Two-thirds of the patients with an 
initial blood pressure of less than 60 mm Hg received more than 1000 ml 
fluid during transport. Mean response time of the 'scoop and run' approach 
was 32 minutes with 11 minutes at scene. The mean response time of the in-
field stabilization group was 38 minutes with 21 minutes at scene. Also 
PONS et al (203) observed the advantage of in-field stabilization in 
patients with penetrating trauma. In this study, it was shown that in less 
than 11 minutes at the scene, a trauma patient can be evaluated, intubated, 
IV lines placed, and blood be obtained for typing. This system yielded a 
94% survival rate in patients with any obtainable blood pressure at scene 
and an 18% salvage rate in patients with no vital signs. Although the mean 
transport time was short (less than 7 minutes), 53% of the patients had an 
improvement in blood pressure greater than or equal to 10 mm Hg, while 33% 
had no change. Also C0PASS et al (65) found that using multiple IV lines, 
900 to 3700 ml of intraveneous fluids could be given in less than 10 
minutes. Using the Trauma Score, JACOBS et al (128) found that appropriate 
stabilization results in more favourable outcomes, and that prehospital 
treatment time had no influence on outcome. 
However, this could not be confirmed by SMITH et al (226) and others. 
GERVIN and FISHER (99) found that the 'scoop and run' approach for 
penetrating cardiac trauma resulted in a salvage of 80% (mean response 
time 9 minutes). When in-field stabilization was attempted, survival was 
0% (mean response time 40 minutes). A similar study, however, revealed 
that the initial presentation and mode of injury (gunshot versus stabbing) 
were the determining factors for survival, not the transport time and 
treatment modalities (207). 
More studies are necessary, before a definitive conclusion can be reached 
as to the effectiveness of the prehospital use of IV lines, especially 
in the urban setting. 
III.2.5 Endotracheal intubation 
It is most important that the severely injured patient has a clear airway 
and optimal oxygenation. Patients, especially those with severe CNS injury, 
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with hypoxia and/or hypercapnia on arrival have a worse prognosis than 
patients without these conditions (71,142,180,181). Even proponents of the 
'scoop and run' approach advocate endotracheal intubation (20,22,73,248). 
The clinical impression of adequate ventilation does not correlate well 
with the absence of hypoxia. DePAY et al (71) showed that hypoxia is nearly 
always present in severely injured patients at the scene. In a group of 
patients with comparable injury severity, they showed that there was a 14% 
mortality for those patients intubated and ventilated in the prehospital 
setting as compared with 47% for the non-intubated patients. Further it was 
shown that more than 50% of the patients who were not intubated on admission 
developed pulmonary insufficiency for which ventilation was needed within 
24 hours. For these reasons they advocate that all severely injured patients 
be intubated at the scene and that mechanical ventilation be started. 
Also COPASS et al (65) clearly demonstrated the advantage of intubation. 
Others advocate intubation especially in comatose patients, and in patients 
whose airway is immediately threatened by bleeding, by facial or airway 
trauma, or whose ventilation is inadequate (20,22,43,218,248). 
The most appropriate methods are nasotracheal and orotracheal intubation 
(241). Another technique is the Esophageal Obturator Airway (EOA). However, 
in-field ventilation with EOA is often very poor due to the difficulty of 
maintaining a good mask seal (225). Moreover its use is contra-indicated 
in the spontaneously breathing patient, and the risk to the patient vomiting 
with an esophagus closed by EOA is unknown (73,74). 
III.2.6 Conclusion 
Evaluation of prehospital care should be directed at those patients who 
reach hospital alive. With long transport times, optimal in-field stabilization 
is required. If the transport time is short, much controversy exists as to 
the effectiveness of in-field stabilization, especially as to the effectiveness 
of IV lines. However, even with short transport times, the patient must have 
an adequate airway and optimal oxygenation. Therefore the use of endotracheal 
intubation is justifiable even for patients with short transport times. 
Because the use of the pneumatic antishock garment, not discussed in this 
thesis, needs not delay transport of the patient, its use seems reasonable 
(73,162,200). However until now, there is no study clearly demonstrating 
its effectiveness (162). Moreover in some studies severe complications were 
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described (139,204). Field utilization of thoracostomy and pericardio­
centesis, also not discussed, should be limited to life-threatening 
conditions (73). 
III. 2 Evaluation of hospital trauma aare 
III.3.1 Introduction 
Although the first well known study about hospital trauma care, made back 
in 1961 (254), indicated inadequacies, no actions were undertaken based on 
the conclusions of this study. Since then, other studies have shown the same 
alarming situations. 
Most studies about inappropriate care have been performed in the USA. 
These studies were performed retrospectively and especially concerned the 
fatally injured (42,72,89,97,184,256,257,258,259,261). Only a few studies 
have been performed outside the USA. These studies were mainly made in 
Great Britain and Ireland (68,103,135,222). Few studies concerned all 
(severely) injured patients (68,72,75,184). The studies made by DAERDEN and 
RUTHERFORD (68) and STENNES (230) were performed prospectively. 
Most studies use the Hospital Record Method. This qualitative method 
includes the evaluation of all clinical data, paramedical reports, coroners' 
reports and autopsies. Some studies only use clinical data for evaluation. 
Both methods are expensive both in terms of time and money. For this reason 
WEST (257) introduced the Autopsy Method, which uses only the coroners' 
report (public data) and autopsy findings. Excluded from this analysis were 
patients dead on arrival and patients, dying from a primary Central Nervous 
System (CNS) injury. Because of reservations concerning the lack of clinical 
data, the medical and political community did not accept the validity of 
this method. In response, WEST (258) undertook a second study evaluating a 
similar series using the Hospital Record Method. He compared the results 
obtained by the Hospital Record Method with the results from the Autopsy 
Method. Using the Autopsy Method, 7 И of the deaths were classified as 
preventable as compared to 85% by the Hospital Record Method. All deaths 
judged preventable by the Autopsy Method were also judged by the Hospital 
Record Method. Thus WEST (258) concluded that the Autopsy Method accurately 
identifies the problem it exposes. 
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All the data selected by WEST (257) can also be used for quantitative 
methods. The following five components were included in his data: 
- Mean age of fatalities: WEST et al (256) suggested that with better care, 
death in younger patients would be less common. Although this could not 
be confirmed in one study (259), this could be confirmed by CALES (42). 
- Mean severity of injuries: WEST et al (256) suggested that with better 
care, death would be less common in patients with low injury severity 
(ISS), thus leading to a higher mean ISS for trauma fatalities. This could 
be also confirmed by CALES (42). 
- Time between arrival at the hospital and death: WEST et al (256) suggested 
that with appropriate care, the majority of patients alive on arrival, 
would live more than six hours. In other studies this could not be confirmed, 
though the trend pointed in this direction (259,261), 
- Appropriateness of surgery: WEST et al (256) suggested that with appropriate 
care, trauma victims requiring a life-saving operative procedure would be 
operated upon, and that with inappropriate care, the patients would not 
be operated upon. This was confirmed in a further study (259). 
- Cause of death: the percentage of hemorrhagic death without surgical inter-
vention should be low with appropriate care. Also no patient with 
appropriate care should die from tension pneumothorax, pericardial 
tamponade or airway obstruction. 
III.3.2 Inappropriate care for fatalities and survivors 
MOYLAN et al (184) analyzed the data from 237 severely injured patients, 
57 of whom died in the hospital. A panel of four surgeons reviewed all the 
data and identified those cases in which inacceptable care occurred by 
deficiencies in either diagnostic procedures, treatment or unnecessary delay. 
Inacceptable care was found in 18 of 57 fatalities (32%) and in 20 of 180 
survivors (11%). Inadequate care included inadequate shock treatment, 
inadequate support of ventilation and failure to diagnose injuries. 
DOVE et al (75) compared a group of 108 fatalities with a group of 56 
survivors having the same degree of injury severity. In the group of 
fatalities some kind of 'management' error was made in 55% of patients as 
compared to 40% in survivors. LOWE et al (152) analyzed the records of 
659 trauma patients. Of the 135 fatalities in that study, 34 (25%) were 
judged to have inappropriate care; 19 of these were non-CNS related and 
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15 were CNS related deaths. Out of the 524 survivors, 71 (14%) were 
considered to have inappropriate care. In general therapeutic failures are 
more common than diagnostic failures (68,75,87,97,184). These studies 
suggest that patients receiving inappropriate care have a higher mortality. 
III.3.3 Preventable death 
In his classical study, Vari WAGONER (254) evaluated the hospital records 
and autopsies of 606 young soldiers who died in traffic accidents in the 
United States during the period 1957-1959. Only those patients who arrived 
alive in hospital and who died within two weeks of admission were analyzed. 
Less than 25% of patients died within two hours of admission. Thus as a rule 
there was sufficient time available for adequate diagnostic and therapeutic 
procedures. All cases that met one of the very broad criteria given below 
were considered to have adequate treatment: if the patient was under a 
doctor's care for one half hour or less, if he was so badly injured that his 
chance of survival would have been poor regardless of treatment, if the 
records gave the slightest hint of proper treatment even though the details 
were not recorded. In spite of these liberal allowances, overall treatment 
was inadequate by any standard. At least one out of six (96 cases) would 
have had an excellent chance of survival had prompt diagnosis been made and 
adequate treatment instituted. An additional 103 cases had such limited 
treatment that an appreciable number could probably have been salvaged. 
GERTNER et al (97) analyzed the data of 33 fatalities from blunt abdominal 
trauma. Patients with multiple fractures, significant CNS injury and thoracic 
trauma were excluded, leaving only those patients with obvious signs of 
abdominal injuries. It was shown that more than 50% of the fatalities could 
have been prevented by prompt surgical intervention. Recently TRUNKEY (245) 
performed a retrospective autopsy study in the Bay Area near San Francisco. 
He analyzed 308 fatalities, in which the preventable mortality rate was 
found to be 42%. Studies done outside the United States have shown the same 
results. GILROY (103) retrospectively analyzed all deaths in hospitals in 
Northern Ireland during the year 1981 resulting from blunt trauma. There were 
105 deaths in this period. An assessment was made as to whether major lesions 
remained undiagnosed or were undertreated; 17 fatalities (16%) were found to 
be due, at least in part, to such factors. Another study, performed in 
England, found the preventable mortality rate to be 18% (123). 
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Table III.2: Potentially preventable death in different studies 
Author(s) 
Root et al (208) 
Van Wagoner (254) 
Fitts et a1 (87) 
Frey et al (92) 
Gertner et al (97) 
Trunkey et al (242) 
Hoffman (122) 
Moylan et al (184) 
Houtchins (126) 
Foley et al (89) 
Detmer et al (72) 
West et al (256) 
Baker et al (9) 
West (257) 
Neuman et al (191) 
Trunkey (245) 
Certo et al (50) 
Lowe et al (152) 
McKoy et al (163) 
Stennes (230) 
Gilroy (103) 
Cales (42) 
Kreis et al (143) 
Year 
1957 
1961 
1964 
1969 
1972 
1974 
1976 
1976 
1977 
1977 
1977 
1979 
1980 
1981 
1982 
1982 
1983 
1983 
1983 
1983 
1984 
1984 
1986 
Country 
USA 
USA 
USA 
USA 
USA 
USA 
Engl 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
USA 
N.Ireland 
USA 
USA 
Type 
HRM, 
HRM, 
HRM, 
Α , 
HRM, 
HRM, 
HRM, 
CL , 
CL , 
HRM, 
HRM, 
HRM, 
HRM, 
Α , 
Α , 
HRM, 
CL , 
A , 
CL , 
HRM, 
HRM, 
HRM, 
of study* 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
retrospec 
prospec 
retrospec 
retrospec 
retrospec 
Comments 
non-CNS related 
CNS related 
non-CNS related 
CNS related 
non-CNS related 
CNS related 
non-CNS related 
non-CNS related 
CNS related 
children 
trauma-system 
non trauma-system 
non-CNS related 
Potentially prever 
6/44 
200/606 
51/950 
16/60 
17/33 
19/155 
28/152 
18/57 
53/108 
11/43 
55/151 
23/46 
17/136 
22/173 
18/21 
2/43 
16/83 
4/90 
129/308 
10/45 
19/47 
15/88 
5/20 
13/88 
17/105 
9/60 
20/58 
52/246 
itable death {%) 
13) 
33) 
5.4) 
27) 
51) 
12) 
18) 
32) 
48) 
26) 
30) 
50) 
12) 
13) 
85) 
5) 
20) 
5) 
42) 
22) 
41) 
17) 
25) 
14) 
16) 
15) 
34) 
21) 
A Autopsy method 
CL Clinical method 
HRM Hospital Record Method 
Table III.3: Inappropriate core by hospital categorization as found in the 
study of MOYLAN et al (184) 
Hospital type Beds Cases % Inacceptable care 
University hospital 
General teaching 
General 
General 
Rural 
645 
510 
230 
240 
90 
184 
278 
129 
196 
36 
7 
14 
32 
28 
58 
From surveying the literature, one finds that the preventable mortality 
rate is between 20 and 30% (Table III.2). Although few studies were done 
outside the United States, there appears to be no major difference between 
the different countries. Further there are no significant differences 
between results from older and more recent studies. A possible explanation 
for this could be that higher standards were used in more recent studies. 
Although the different studies utilized different methods of evaluation in 
different patient populations and with different criteria for (possibly) 
preventable death, it can be concluded that preventable death probably 
contributes up to 30% of the total number of hospital trauma deaths. 
III.3.4 Inappropriate care by categorization 
In the period 1972-1973, M0YLAN et al (184) performed an evaluation of 
hospital trauma care in five hospitals in South Central Wisconsin in the 
United States. The five hospitals selected were an university hospital with 
645 beds, a general teaching hospital with 510 beds, two general hospitals 
with 230 en 240 beds, and a rural hospital with 90 beds. A panel of 
physicians determined whether the quality of care in these hospitals was 
acceptable or inacceptable. The incidence of inacceptable care ranged from 
7% at the university hospital to 58% at the rural hospital (Table III.3). 
DETMER et al (72) evaluated trauma care in the same area during the same 
period. This study was performed in 28 hospitals, including eight reference 
hospitals, ten general hospitals and ten community hospitals. Four panels 
composed of practicing primary care physicians, including general practioners, 
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emergency department physicians and general surgeons, evaluated 556 cases. 
Overall, the inacceptable care rate was found to be 30%: 45% in the 
community hospitals, 35% in the general hospitals and 11% in the reference 
hospitals. 
Another study, performed in 1972, compared the death records from the trauma 
center at the San Francisco General Hospital with those from several 
community hospitals in the surrounding area (242). The results showed a 
preventable mortality rate of 4.2% in the trauma center, as compared to a 
preventable mortality rate of 87% in the community hospitals. A subsequent 
study compared deaths caused by motor vehicle accidents in Orange County 
(a county in California without trauma center) with those elsewhere in the 
state with a single designated trauma center (San Francisco General Hospital) 
(256). All victims in San Francisco were brought to that single trauma center, 
while in Orange County victims were transported to the closest receiving 
hospital. Referred patients were excluded from the study. Approximately two 
thirds of the non-CNS injury related fatalities were considered definitely 
preventable (11/30) or possibly preventable (11/30) in Orange County as 
compared to one possibly preventable death in San Francisco General Hospital. 
Further the data showed other appreciable differences: 
- the majority of deaths in Orange County occurred in the 10 to 40 year old 
age group, while the majority of deaths occurred in an older age group in 
San Francisco County (p<0.04) 
- the average ISS for non-CNS injury related deaths in Orange County was 37, 
compared with an average ISS of 45 in San Francisco (p<0.03) 
- the majority of deaths in Orange County occurred in the first 6 hours 
after admission to the emergency room, while in San Francisco this was a 
minority 
- a majority of the patients with non-CNS injury related death underwent 
a major surgical procedure in the San Francisco series, whereas only six 
of the 30 patients in Orange County were operated upon. 
NEUMAN et al (191) in 1979 evaluated trauma deaths in San Diego County, 
which lacks an organized system for trauma care. This study was performed in 
such a way that the results could be compared with those of WEST et al (256). 
In San Diego County, 35 patients with non-CNS injury related deaths occurred 
in hospital. Eleven of the 35 (31%) deaths were definitely preventable in 
San Diego County, as compared to 36% in WEST'S study. Further the average 
age as well as severity of injury were in close agreement with WEST'S study. 
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Another study performed in the United States in 1979 evaluated trauma care 
in Northwest Oregon which includes metropolitan Portland (152). The 22 hospitals 
involved in the study were categorized by size and included 14 hospitals 
with less than and eight with more than 200 beds. The level of injury 
(HTI-ISS) as well as the interval time for surgeon arrival, blood availability, 
operation and length of stay did not differ within the two groups of hospitals. 
A total of 659 patients were admitted; 268 patients to small hospitals and 
391 patients to large hospitals. The mortality rate in small hospitals was 
26% compared to 17% for large hospitals (p<0.01). The majority of deaths in 
the small hospitals occurred within one hour of admission to the emergency 
department. The majority of deaths in the large hospitals occurred more than 
24 hours after admission. However, BÖHLKE (24), in another study in another 
county, found no difference in the quality of care in hospitals categorized 
by size. 
In order to evaluate the need for an organized trauma network, KREIS et al 
(143) reviewed the data of trauma deaths that occurred in 23 hospitals in 
Dade County, Florida. The preventable non-CNS death rate was found to be 
12.1% at the functional trauma center (the so called Level I hospital) and 
26.4% at the other 22 hospitals (p<0.01). From these findings they concluded 
that there is a need for an organized trauma system in Dade County. 
WRIGHT et al (261) compared the deaths in a regional trauma unit, 
Sunnybrook Medical Center in Toronto (Canada) with those in other hospitals 
in Ontario. Fifty-two deaths without severe head injuries from the regional 
trauma center were compared with 103 similar deaths from other hospitals in 
Ontario. The mean AIS-ISS in Sunnybrook Medical Center was 53, compared to 
33 in the other hospitals. The mean time interval from injury to death was 
6.9 days in the trauma center compared to 5.4 days in other hospitals. 
MILLER et al (182) observed that severely injured patients (as defined as 
those patients with a Trauma Score of 14 points or less) transported to a 
conventional hospital had a greater chance to die than patients directly 
transported to trauma centers in Arizona. 
All these figures suggest that implementation of an integrated and organized 
trauma center system can significantly improve the results of trauma care. 
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III.3.5 Impact of care by regionalization and categorization 
Some studies have been performed to investigate the possibility of 
improvement in care by regionalization and categorization. Organized regional 
trauma care has its roots in wartime surgery, as was described earlier (243). 
In the Korean War, the U.S. Army Medical Corps decided to bypass the 
batallion aid station and take the injured soldier directly from the field 
to the mobile army surgical hospital (MASH). This system is analogous to 
bypassing local hospitals, where prompt definitive surgical care is not 
available, and transporting the patient directly to a trauma center. 
Already in the early seventies the advantages of this system were shown in 
civilian trauma care (31,187,197,255). 
One of the best examples of the value of an organized regional trauma 
care system was seen in Orange County in the United States. As a result of 
studies made in 1974 and 1978-1979 (256,258) Orange County instituted a 
trauma system with five strategically located trauma centers, staffed by 
in-house or immediately available trauma teams. Critically injured patients 
were triaged directly to these hospitals. This system was implemented in 
June 1980. In the first year there were 29 non-CNS injury related deaths 
(259); 23 patients were treated in a trauma center, 4 patients were treated 
in a hospital without trauma center and 2 patients were transferred from a 
hospital without trauma center to a trauma center. Using the Autopsy Method, 
2 of 23 (9%) trauma center deaths were judged preventable. Two of the 4 
deaths occurring in the hospitals without trauma center were judged preventable 
and both deaths in the transferred patients were judged preventable. From 
the patients taken to a trauma center, 89% received appropriate surgical 
treatment as compared to only 1 out of 5 patients in the hospitals without 
trauma center. Furthermore, it was shown that in the trauma center fewer 
patients died within six hours after arrival at the Emergency Department. 
However, there was no change in the proportion of fatalities that were older 
than 50 years. 
CALES (42) evaluated trauma care in the same area with a different method, 
the Hospital Record Method. Study sampling was made in the 1977-1978 period 
and the 1980-L981 period. Following implementation of the trauma system, 
the preventable death rate dropped from 34% to 15% (p<0.02). For non-CNS 
injury related deaths it dropped from 86 to 40% (p<0.003). Following 
implementation, 4% of deaths occurring in trauma center were judged 
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preventable compared to 54% in conventional hospitals. 
Although these studies confirmed the effectiveness of categorization and 
regionalization, the value of regionalization in rural states was doubted 
by CERTO et al (50). They reviewed trauma care in Vermont, a rural state, 
that is six times as large as Orange County. The preventable mortality rate 
was found to be 24%. They reviewed if bypassing community hospitals would 
have improved outcome. Direct transport to a trauma center would not have 
been of any benefit in their patient group. They concluded that in a very 
rural state, resuscitation and stabilization in a community hospital is 
more appropriate than direct transport to a trauma center that is at a great 
distance. 
In West Germany, trauma centers are established areawide along the major 
highways. About 90% of the population is within 15 minutes of a designated 
trauma center. As a consequence of this regionalized system, the number of 
deaths from motor vehicle accidents has dropped from 16,000 each year to 
12,000 each year, a reduction of 25%. Although the distance to the designated 
trauma center was four times longer than to the nearest hospital, BERNER 
et al (17) showed that the reduction in mortality (and morbidity) could be 
explicated by faster and more appropriate shock and ventilation treatment. 
Patients referred from other hospitals, did not benefit from this temporary 
stop. This was also seen in another study (188). Although no specific studies 
have been made in order to ascertain why regionalization reduces the mortality 
rate so effectively, it is probably no coincidence, as TRUNKEY suggested (243), 
that this reduction is remarkably close to the preventable mortality data 
shown in most trauma studies performed in the United States. 
JIJ. 4 Cace for the trauma patient with Central Nervous System injury 
III.4.1 Introduction 
As almost 60% of all multiple blunt trauma patients have to some extent a 
Central Nervous System (CNS) injury and as most fatalities are as a 
consequence of CNS injury, it is appropriate to evaluate the care for 
patients with severe CNS injuries separately (140). Although the primary 
injury to the brain will not be affected by treatment, overall improvement 
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in the outcome from a CNS injury might be achieved by preventing secondary 
brain damage (176). These secondary processes increase dramatically not only 
mortality but also morbidity (142,181). Most secondary factors are associated 
with ischemic and hypoxic brain damage. GRAHAM et al (113) found ischemic 
lesions in 91% of the fatalities with severe CNS injury. Evaluation should 
identify deficiencies in the management of factors which result in 
secondary brain damage. In Scotland, a country without regionalization, 
such avoidable factors possibly contributing to death were identified in 
30-50% of the cases, and factors definitely contributing to death in 25% (209). 
In this chapter some important factors resulting in secondary brain 
damage will be discussed. These factors can be divided in intracranial and 
systemic factors (181). 
III.4.2 Intracranial factors 
Delay in the treatment of acute intracranial hematoma, including extra-
dural and, probably, subdural hematoma, is the most common adverse 
intracranial factor (209). Reports show that the sooner a patient with a 
traumatic hematoma undergoes evacuation of the clot, the better is outcome 
(176,209,217,232). SEELIG et al (217) found that a delay of more than four 
hours in the treatment of acute traumatic subdural hematoma trippled the 
mortality rate. ROSE et al (209) showed that delay occurs in one out of 
three cases. Almost half of the delay was found to be the result of delay 
in transfer from the general surgical ward to the neurosurgical ward. Most 
often, the deterioration was not recognized for some time. From the autopsy 
reports it could be concluded, that in about two thirds of the cases, this 
had a certain effect on death; in one third, a possible effect. This was 
confirmed by JEFFREYS and JONES (131). Also JAMIES0N (180) called attention 
to the high mortality rate among patients with a lucide period, since many 
deaths in this group may be preventable. 
In an effort to reduce delay, in 1977 a more liberal referral policy was 
applied in the area of Glasgow. All patients considered to be at risk of 
having intracranial hematoma were to be referred immediately for CT-scan 
evaluation (240). Prospectively the data of 683 patients with a traumatic 
hematoma were .collected (240). Mortality decreased from 38% to 29% under the 
new policy. This reflected a reduction in the proportion of patients who 
talked after the injury but who deteriorated into coma before operation 
(31% before change in policy, 16% afterwards). The reduction in the 
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proportion of patients with poor outcome was significant (p<0.005). 
III.4.3 Systemic factors 
Deleterious systemic factors often occur in patients with severe CNS 
injury. About 35% of patients with severe CNS injury are hypoxic on admission 
and 10 to 40% are hypotensive (76,96,142,176,180,181). Although airway 
obstruction occurring before the patient has reached the hospital is rarely 
associated with a recoverable injury (209), it occurs frequently in patients 
with potentially recoverable injury after they reach the hospital (96,120, 
262). 
GENTLEMAN and JENNETT (96) evaluated 150 comatose patients transferred to 
a neurosurgical unit after head injury. Of these patients, 68 (45%) had at 
least one deleterious systemic factor or inadequately treated extracranial 
injury. Of the 66 patients who died, 58% had one ore more adverse factors 
or inadequately treated extracranial injuries, compared to 38% of the 84 
survivors. From a study performed in the same region it was concluded: 
'...avoidable factors that contribute to morbidity and mortality among head 
injured patients occur mostly after the patient has reached hospital. Many 
of these factors are associated with the system of secondary referral to a 
neurosurgical unit in another hospital of cases requiring specialised 
investigation and treatment' (135). 
In a study in the United States, deleterious systemic insults were present 
in 50% of patients with severe CNS injury (180). The frequency of systemic 
insults on admission to the neurosurgical unit in direct admissions was not 
significantly different from referrals. Thus '...it appeared that a temporary 
stop at another hospital en route to the major hospital center did not 
benefit patients'. It was concluded that any patient involved in a vehicular 
accident should be transported to a major trauma center. 
From the previously mentioned study by WEST et al (256), it appeared that 
in an area without regionalization (Orange County), 28% of the CNS-injury 
related deaths could be prevented with vigorous resuscitation and aggressive 
surgical intervention. About 50% of these patients had undiagnosed intra-
cranial hematomas, and 50% had potentially treatable secondary insults. 
64 
JIJ.5 Influenae of care on causes of death after trauma 
III.5.1 Introduction 
Analyzing the causes of death after trauma is difficult. First of all, 
the cause of death might be defined in different ways. Many studies (87, 
193,254) showed that the clinical cause of death does not correlate well 
with the cause of death as determined by post mortem examination. Further, 
depending on the physician, the same patient might be classified as death 
from bronchopneumonia, fat embolism. Acute Respiratory Distress Syndrome 
(ARDS) or death from the initial injury. Also late death resulting from 
sepsis associated with Multiple Organ Failure (MOF) might be classified 
as bacterial sepsis, or as death from the most obvious organ failure. 
Secondly,the pattern of death depends largely on the types of injuries. In 
the last decades, intensification of traffic has led to a higher incidence 
of patients with multiple injuries (18,253). The incidence of death from 
hemorrhage in high crime areas will be influenced by a higher incidence 
of penetrating injuries as compared to low crime areas where blunt trauma 
prevails (9). Thirdly, the pattern of death is influenced by the population 
of trauma patients studied (246). When death at the scene of accident is 
included, a high proportion of overwhelming injuries, such as free rupture 
of the thoracic aorta, overwhelming hemorrhage or CNS injury are noted. 
Death occurring in a hospital on the first day after injury, is generally 
caused by hemorrhage and CNS injury. Death occurring in the first week is 
generally caused by CNS injury or ARDS.and late death by complications 
such as ARDS and MOF with or without sepsis (106). Lastly, the treatment 
given strongly influences the cause of death. The patient might die of 
hemorrhage, but if the cause of hemorrhage is treated, he might die from 
ARDS. With optimal ventilatory support for ARDS, he might die later from MOF. 
More recently, a pathophysiological classification has been preferred 
rather than the anatomical classification utilized in earlier studies 
(Table III.4) (106). Such a pathophysiological classification makes the 
cause of death largely independent of the cause of injury, e.g. blunt 
versus penetrating trauma. 
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Table 111.4: Class-i fieation of causes of death 
I CNS-injury 
II Local complicating factors - tension pneumothorax 
- airway obstruction 
- aspiration 
- cardiac tamponade 
III Secondary complicating factors - hypovolemic, hemorrhagic shock 
- organ failure and sepsis 
- pulmonary embolism 
IV Pre-existing complicating disease 
111.5.2 Causes of death at scene and during transport 
Seventy one percent of the patients who die as a result of penetrating 
injuries die at the scene, as compared to about 45-50% of patients who die 
from blunt trauma (9). Optimalization of care at the accident scene has 
resulted in an improved chance of survival, especially for those patients 
who survive until admission (6,71,90,218). Prehospital death caused by 
hypovolemic hemorrhagic shock, airway obstruction and tension pneumothorax 
can be prevented in a number of patients (6,90). 
111.5.3 Causes of death in hospital 
With a better prehospital care, it is likely that more severely injured 
patients reach hospital alive. Strangely enough, this has not resulted in 
an increased in-hospital mortality, but in a better chance of survival and 
in the survival of patients with more severe injuries (9). Analysis of 
in-hospital trauma death necessitates a separate analysis of all causes 
of death. To circumvent the problems enumerated in the introduction, four 
categories can be identified (Table III.4): 
- I death from CNS injury 
- II death from local (complicating) factors 
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- Ill death from secondary (pathophysiological) complicating factors 
- IV death from pre-existent diseases 
Although this classification is artificial, each group clearly has its own 
characteristics. The absolute mortality from CNS injury has not significantly 
changed throughout the years. Death from local complicating factors, such 
as tension pneumothorax, is often preventable, and has been reduced by 
improved trauma care. There is strong evidence that the mortality of the 
secondary complicating factors can be reduced by preventive measures and 
optimal therapy. 
111.5.4 Death from CNS injury 
Almost 50% of all accidental fatalities result from CNS injury. However, 
several studies have shown that extracranial insults, such as hypoxia, 
hypotension and hypercapnia, have a remarkably adverse effect on the 
outcome of CNS injury (96,142,180,181). Thus, mortality is not only related 
to the presence and severity of the primary CNS injury, but also to the 
presence of extracranial factors sensitive to preventive measures (176), 
which is a characteristic of group III. BECKER et al (16) concluded that 
survival after severe CNS injury could be improved by preventing or reversing 
secondary insults, without increasing the disability of surviving patients. 
Early neurosurgical intervention may also reduce mortality. SEELIG et al 
(217) found that a delay of more than four hours in the treatment of subdural 
hematoma trippled mortality rate. 
111.5.5 Local complicating factors 
Tension pneumothorax is regarded as a preventable cause of death. In the 
60's FREY et al (92) found pneumothorax to be the cause of death in 4% and 
SEVITT (221) in 6% of the cases studied. 
Obstruction of the upper airuay is seldom referred to as a cause of 
death. FREY et al (92) mentioned upper airway obstruction as cause of 
death in 15% of the patients dying in hospital. Others have also reported 
that airway obstruction still contributes to death in hospital (209,262). 
Aspiration is seldom noted as a cause of death, although the incidence of 
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aspiration in emergency situations is approximately 25% (231). It was found 
to be the cause of death in only 2% of the fatalities and contributory to 
death in 8% (122). Optimal emergency treatment of trauma patients should 
result in a lower incidence of aspiration. Although the cause of death 
resulting after aspiration is ARDS or sepsis, aspiration should be mentioned 
here because it is a local factor and nearly always preventable, as aspiration 
mostly occurs after arrival in the hospital (209,262). 
Cardiac tamponade: before 1940, in-hospital operative mortality of cardiac 
tamponade was 50% (21). In the last decennia, treatment of cardiac tamponade 
has shifted from a selective non-operative approach towards aggressive 
operative intervention. Mortality of cardiac tamponade should not exceed 
10 to 20% if caused by stabbing, or not exceed 40% if caused by blunt trauma 
or gun shot injury (165). 
111.5.6 Secondary complicating factors 
Hypovolemia hemorrhagic shock still accounts for a remarkable percentage 
of early deaths. A better understanding of the pathophysiology of hypovolemic 
shock as well as the availability of blood transfusion has improved chances 
of survival over the decennia. The patients who might die as a result of 
hemorrhage are those with uncontrollable bleeding from a great vessel, the 
heart, or a crushed liver. Death resulting from hemorrhage from other 
sources should be regarded as preventable, if no operative intervention was 
performed within two hours to stop the hemorrhage (50,256). It is our opinion 
that fatalities who die in shock and in coma should be classified as death 
from hypovolemic hemorrhagic shock and not from CNS injury. Patients without 
obtainable blood pressure are always in coma, while CNS injury in itself does 
not result in hypotension if ventilation is adequate (76). 
Failure of an organ system became the major cause of death when the chance 
of surviving hemorrhagic shock improved. At the end of World War II, post-
traumatic renal failure was the first organ failure noted. The growing knowledge 
of the pathophysiology of hemorrhagic shock resulted in blood flow resusci-
tation in stead of blood pressure resuscitation. The incidence of post-
traumatic renal failure decreased sharply, but posttraumatic pulmonary 
failure (ARDS) became a major problem (7). In most series, the mortality from 
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ARDS is still 40%. But, with adequate ventilatory support, such a high 
mortality is no longer related to ARDS but is generally related to the 
multiple organ failure syndrome (MOF), which occurs almost inevitably (with 
or without sepsis) in trauma patients, who can not be weaned from the 
ventilator within 7 days (8,112). MOF has become the leading cause of late 
death after trauma: 78% respectively 88% in two series (9,106). The same factors 
associated with ARDS are associated with MOF (112). Measures effective in 
preventing ARDS and MOF are early operative intervention for hemorrhage 
(23), prophylactic mechanical ventilation (112), early stabilization of all 
unstable fractures (28,108,136,175,219), and optimal nutritional support (26). 
Death from pulmonary embolism has almost disappeared as a result of 
optimal prophylaxis, such as low dose subcutaneous heparin. In the 1960's 
pulmonary embolism was the cause of death in 6 to 15% of all trauma deaths 
(87,253) and was contributory to death in 25 to 35% of all late deaths (222). 
In a recent study it was found to be the cause of death in 5% of in-hospital 
trauma fatalities (103). 
III.5.7 Conclusion 
Optimalization of trauma care has resulted in an improved chance of 
survival for trauma patients. Preventable causes of death such as tension 
pneumothorax are more readily identified and treated. Hemorrhage is treated 
earlier and more aggressively which has resulted in a decreased mortality 
from this cause. Late death from complications such as pulmonary embolism, 
ARDS and MOF can be decreased by optimalizing oxygenation and peripheral 
circulation, by early operative stabilization of fractures and by optimal 
nutritional support. The prognosis of CNS injury has not as yet been 
significantly improved, but optimal primary care with prevention of secondary 
insults such as hypoxia, hypotension and early operative intervention to 
evacuate intracranial clots seems to have a positive influence on outcome. 
Recently, the first hour after trauma has been called 'the golden hour' 
(66). This name might even be an understatement, since the roots for late 
complications such as ARDS and MOF can also be traced to this 'vital hour'. 
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JJJ.6 Disoussion 
An extensive review of the literature shows that in all phases of trauma 
care inappropriate care can occur, but the most problematic phase of trauma 
care is the in-hospital management. From different studies it can be concluded 
that the in-hospital preventable mortality rate is as high as 20 to 30%. Taking 
into consideration that 50% of all traffic fatalities occur in hospital, one 
can conclude that as much as 10 to 15% of all trauma deaths may be prevented. 
Various studies, mostly performed in the United States, show that 
inappropriate care occurs more often in small hospitals and in areas without 
regionalized trauma care. Moreover, the preventable mortality rate can be 
reduced by regionalization and categorization, as has been decidedly shown 
in some studies. An exception should probably be made for areas with a very 
low population density (below 100 inhabitants/sq km). 
In various geographical configurations, it was invariably shown that a 
temporary stop at another hospital en route to the major trauma center did 
not benefit patients (17,120,126,135,180). 
When compared with trauma centers, the poorer outcome found in hospitals 
without trauma center can be explained by the following factors: 
- lack of the (immediate) availability of appropriate diagnostic and 
therapeutic equipment, such as CT-scan, shock room, operating theater 
- lack of the (immediate) availability of trauma surgeons, anesthesiologists, 
neurologists, neurosurgeons and adequately trained nursing staff 
- lack of expertise in and exposure to immediate care of trauma victims 
- lack of an organized and proficient team approach to the trauma patient 
All these factors can be improved by categorization and regionalization. 
GILL (101) stated: 'Early expert triage, rapid transportation and attention 
to priorities by knowledgeable physicians are all part of the formula of 
success.However successful resuscitation from exsanguinating hemorrhage 
requires continuous clinical exposure. Only then will the mortality be 
reduced'. 
Continuous exposure to severe trauma is impossible in a non-regionalized 
system where trauma patients are distributed over a multitude of hospitals 
of varying capabilities. Only regionalization of trauma care provides the 
essential volume of severe trauma necessary for continuous exposure. The 
hypothesis that, other things being equal, the quality of care improves with 
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the experience of those providing it, is centainly true for many surgical 
procedures. Data provided by LUFT et al (153) showed significantly lower 
death rates in hospitals accustomed to handling more than 200 complex 
procedures annually. The authors concluded: 'Regardless of the explanation, 
these data support the value of regionalization'. MacGREGOR and PELLETIER 
(155) stated: 'Quite apart from cost, it is generally accepted that an 
adequate turnover is essential to maintain the overall level of skills of 
both individuals and team responsible for complex tasks'. Not only an 
inverse relationship between size of surgical case load and operative mortality 
has been found, but also that the cost per case is greater in low volume 
hospitals than in high volume hospitals (86,155). 
These general rules apply especially for trauma, as every trauma case is 
different, and asks for an individual approach. Appropriate and quick 
decisions, deviating from the routine schedule, can only be made by those who 
profoundly understand the routine schedule, and who can identify the individual 
patient, who requires special care. 
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Part I I 
Pilot Studies 

Chapter IV 
EVALUATION OF PREHOSPITAL CARE: A PROSPECTIVE PILOT STUDY 
IV. 1 Introduction 
In recent years there is a growing awareness that the ambulance is not only 
a means of transport, but rather the initial entrance to the hospital. Treatment 
may be instituted at the scene to patients with suboptimal vital functions, 
so that definitive treatment in the hospital will be more successful. However, 
the controversy over the effectiveness of in-field stabilization for trauma 
patients is still alive (27,203). The proponents of the 'scoop and run' 
method argue that the hospital is the only place for definitive treatment of 
the trauma patient. In their view, the time elapsed before definitive 
treatment is the only important prognostic factor (148,238). However, recently 
a growing body of literature shows that in-field stabilization may result in 
a more favorable outcome (6,15,71,128,141,203). 
As time is a critical factor in the treatment of trauma patients, the crucial 
question in this discussion is whether such measures benefit the trauma patient 
or whether the delay in transport and therefore, delay in definitive treatment, 
is harmful for the patient. When the transport time is about 3 minutes, a 
10 minute delay in arrival at the hospital due to establishing an IV access 
is associated with an unfavorable outcome (27,226). In-field stabilization 
aims at optimalizing vital functions and preventing secondary insults resulting 
from suboptimal vital functions, so that the patient may reach the hospital 
in optimal condition. 
Many studies have shown that suboptimal vital functions, especially hypoxia 
and hypotension, are associated with an unfavorable outcome for patients with 
a severe CNS injury (76,96,128,176,181). In 30 to 35% of the patients with 
severe CNS injury, but without these adverse factors, the outcome will be 
unfavorable (dead, vegetative state or severe disability). However, 
approximately 60% of severely injured CNS patients with hypoxia (pO-^S.S kPa) 
on admission have an unfavorable outcome. If these patients suffer from 
hypotension (systolic arterial pressure <_ 90 ran Hg) on admission, an 
unfavorable outcome in 75% of the patients is seen. However, for patients 
with both hypoxia and hypotension on admission, nearly 100% will have an 
unfavorable outcome (96,147,183). 
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The present study was undertaken to investigate prehospital care for patients 
with severe CNS injury in The Netherlands. In this subpopulation of major 
trauma victims, the effects of different training programs for ambulance 
personnel on early physiologic parameters, on the incidence of adverse 
factors on admission, and on the outcome were assessed. 
IV. 2 Patients and methods 
In the period February to July 1985, all directly admitted comatose patients 
(Ε,Μ, rV,_2 o n admission) to the University Hospital Nijmegen and the 
St. Elisabeth Hospital in Tilburg, were prospectively studied. Initially, 
six hospitals were to participate in this study. However, in only two hospitals 
could adequate data be gathered from the patient population to be studied. 
Only one of the 23 ambulance services that directly transported patients 
to the two participating hospitals did not participate. Prehospital data 
were prospectively recorded by the ambulance personnel. Data on admission 
were prospectively recorded by the Emergency Department physician caring 
for the patient. Outcome was assessed after two weeks and at the time of 
discharge or at death. The patients' severity of injury was determined using 
the Glasgow Coma Scale (238), the Trauma Score as described by CHAMPION and 
colleagues (53), and the Injury Severity Score, as described by BAKER et al 
(10) and GORIS (109). The Glasgow Coma Scale is a physiological assessment 
of the level of consciousness of the patient, and is now generally accepted. 
Patients were considered to be in coma when they did not open their eyes, 
did not utter recognizable words and did not respond to verbal commands 
^l Ml-5 Vl-2^ (53.90). The Trauma Score is a physiological measure of the 
patients' response to injury, and is composed of the Glasgow Coma Scale, 
and cardiovascular and respiratory parameters. Scores can range from 1 
(worst condition) to 16 (optimal condition). Because it is a physiological 
scale, the Trauma Score is a dynamic scale, reflecting the vital functions 
of the patient. Changes in the Trauma Score during the prehospital phase can 
be used as an indication of the change in clinical performance of the 
patient. It has been shown that a positive change in the prehospital Trauma 
Score is significantly related to an improvement in outcome for any given 
severity of injury (128). An Injury Severity Score, a more anatomical 
measure of injury severity, was determined for every patient using the 
Hospital Trauma Index (4). The Hospital Trauma Index is a trauma scoring 
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Table IV.1: Prognostic relevant features in tuo subsets of patients with 
severe CNS injury 
Feature 
Age 
EMV-score at scene 
EMC-score on admission 
Trauma Score at scene 
Trauma Score on admission 
Injury Severity Score 
Non-IC group 
(n=18) 
33 + 22 
4.55 + 1.76 
5.05 + 1.83* 
11.11 + 1.81 
11.22 + 1.76* 
36.05 + 15.45 
1С group 
(n=12) 
29.5 + 19 
4.83 + 1.52 
4.83 + 1.04* 
10.50 + 2.02 
10.50 + 2.57* 
39.08 + 14.24 
p-value 
ns 
ns 
ns 
ns 
ns 
ns 
Data are presented as mean + SD 
Difference between score at sc 
statistically significant (p>0.05; Mann-Whitney U test) 
scene versus score on admission is not 
system in which the severity of the injury is graded from 0 (no injury) to 
5 (critical injury) in six organ systems: cardiovascular, nervous, respiratory, 
abdominal, extremities and skin & subcutaneous. The Injury Severity Score 
can be calculated by summing the squares of the three highest grades obtained, 
the maximum Injury Severity Score being 75. 
In this study, a comparison of two subsets of patients selected by the 
following criteria was made. The first subset of patients was transported 
by ambulance personnel who had no intensive care training (non-IC group). 
The second subset of patients was transported by ambulance personnel who had 
also an intensive care training (1С group). These subsets were analyzed to 
evaluate the relationship of the training program to prehospital treatment 
interventions, the clinical condition on admission, the incidence of hypoxia 
and hypotension on admission and outcome. 
Statistical analysis was performed using the Fisher exact test, the Mann-
Whitney U test and the Student's t test. Ρ values < 0.05 were considered to 
indicate statistical significance. 
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Table IV.2: Prehospital times (in minutes) in two subsets of patients with 
severe CNS injury 
Non-IC group 1С group Total group 
(n=18) (n=12) (n=30) 
Time at scene 6.8 + 5.0 
Transport time 9.6 + 6.5 
Total response time 24.4 + 12.1 
Data are presented as mean + SD 
Difference between the two subsets is not statistically significant 
(p>0.05; Student's t test) 
Difference between time at scene versus transport time is statistically 
significant (p<0.05; Student's t test) 
IV. 3 Results 
In the studied period, 35 patients with severe CNS injury were directly 
admitted to the two participating hospitals. Because of inadequate data for 
five patients, only the data of 30 patients could be evaluated. From these 
30 patients, 18 (60%) were transported by ambulance personnel without an 
intensive care training (non-IC group), and 12 (40%) by ambulance personnel 
with an intensive care training (1С group). The two subsets were comparable 
as to age, EMV-score at the scene of accident. Trauma Score at the scene 
of accident and the severity of all injuries as estimated by the Injury 
Severity Score (Table IV.1). Prehospital times, which includes the total 
time at the scene, transport time and total time from call to admission, 
did not differ in the two subsets (Table IV.2). Remarkably, the average 
time at the scene was significantly less than the average time needed for 
transport (p<0.05; Student's t test). 
The first analysis was directed at evaluating the influence of training 
on the type and number of therapeutic interventions (Table IV.3). No 
difference was found in the frequency of specific therapeutic interventions. 
In both subsets only two-thirds of patients were given supplemental oxygen. 
Mechanical protection of the airway by a Mayo-tube was also instituted 
in about two-thirds in both subsets. In the 'non-IC group', two patients 
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8.5 + 5.0 
13.4 + 8.0 
32.5 + 12.0 
7.5 + 5.0* 
11.1 + 7.2* 1 
28.9 + 11.9* 
Table IV.3: Incidence of therapeutic interventions in the prehospital 
phase in two subsets of patients with severe CNS injury 
Mayo tube 
Intubation 
Supplemental oxygen 
Intravenous access 
Supine position 
without mechanical airway 
Non-IC group 
(n=18) 
12/18 
1/18 
11/18 
4/18 
2/18 
1С group 
(n=12) 
8/12 
1/12 
8/12 
4/12 
0/12 
Table IV.4: Incidence of extracranial adverse factors at admission and 
outcome in two subsets of patients with severe CNS injury 
Hypoxia 
(p02 < 8.5 kPa) 
Hypotension 
(SAP < 90 mm Hg) 
Mortality two weeks 
after trauma 
Outcome at discharge 
Death 
Alive 
Non-IC group 
(n=18) 
5/18 
4/18 
6/18 
8/18 
10/18 
1С group 
(n=12) 
4/12 
3/12 
4/12 
4/12 
8/12 
Total 
(n=30) 
9/30* 
7/30* 
10/30* 
12/30* 
18/30* 
* Difference between the tho subsets is not statistically significant 
(p>0.05; Fisher exact test) 
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were transported in the supine position without any mechanical protection 
of the airway. 
The second analysis was directed at the effect of training on Trauma 
Score on admission, the incidence of secondary adverse factors on admission 
and outcome (Table IV.1 and Table IV.4). Although the Trauma Score and the 
EMV-score on admission were somewhat higher than the Trauma Score and the 
EMV-score at the scene in the 'поп-IC group', this difference was not 
statistically significant. There was no increase in Trauma Score or EMV-
score during the prehospital period in the '1С group'. Hypotension occurred 
in about 20% of patients in both subsets, while hypoxia was present in 
approximately 30% of patients in both subsets on admission. No differences 
in outcome after two weeks as well as at discharge was found between the 
two subsets. 
IV. 4 Discussion 
A growing body of literature claims improved outcome with in-field 
stabilization (6,90,141,203). Such treatment includes definitive protection 
of the airway by endotracheal intubation and initial resuscitation of 
hypovolemic shock by the establishment of an intravenous access. Although 
much controversy exists as to whether such treatment measures benefit the 
trauma patient, even proponents of the 'scoop and run' philosophy are 
proponents of the establishment of an artificial airway by endotracheal 
intubation, especially in the comatose patient (20,73,248). 
However in The Netherlands ambulance personnel is in general not trained, 
nor licensed to perform advanced life support interventions such as endo­
tracheal intubation or the establishment of an intravenous access. For this 
reason we could not divide, as we would have preferred, the patients into 
those who received advanced life support and those who only received basic 
life support. However, it could be expected that ambulance personnel with 
an 1С training would perform more advanced life support type interventions 
(such as establishing a mechanical oral airway using a Mayo tube) than 
ambulance personnel without an 1С training. 
Only when patients can be compared in regard to the severity of injury, 
can evaluation of trauma care be performed. The Glasgow Coma Scale and the 
Trauma Score enables comparison and categorization of patients in the 
prehospital phase. Both severity indices show a high correlation with 
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mortality (36,53,128,133), and both have a high inter-rater reliability 
(34,148,183,239). 
In this study no difference was found in therapeutic interventions, 
incidence of adverse factors or outcome between the 'non-IC group' and the 
'1С group'. A possible explanation could be that no correlation is present 
between the level of training and outcome. However, several studies 
have shown the contrary (6,15,71,90). Another explanation could be that in 
both subsets the 'scoop and run' method was used, rather than in-field 
stabilization. The low incidence of the therapeutic interventions and the 
short in-field time in both subsets support this explanation. 
This study shows that, because in both subsets a substantial number of 
patients did not receive a mechanical oral airway protection or supplemental 
oxygen, both groups of ambulance personnel performed only at - or even below 
the level of basic life support. It can not be concluded from the present 
study whether this was a result of inadequate training program or only in 
performance in both groups. However, on the average, the mean transport time 
found in this study, is equal to the time needed at scene for advanced life 
support measures by skilled and fully trained paramedics (73,203). JACOBS 
et al (128) even reported that advanced life support interventions, carried 
out simultaneously with basic life support care, do not require any 
significant additional time. So, taken the time factor into consideration, 
in-field stabilization may be possible and useful in The Netherlands. 
From these data, it is concluded that the necessity and possibility of 
introducing advanced life support modalities within the prehospital setting 
in The Netherlands should be investigated. 
This study was presented at the National Symposium 'Ambulancehulpverlening', 
organized by ihe Dutch Society of Chiefs of Ambulance Services, Hattem, 
The Netherlands, October 17, 1986. It was also published in 'De Ambulance 
1986; 7: 15-17'. 
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Chapter V 
METHODS FOR EVALUATION OF HOSPITAL TRAUMA CARE: 
A PILOT INVESTIGATION 
V. 1 Introduotion 
Medical audit studies contribute greatly to the improvement of hospital 
care for the trauma patient. The first well known medical audit study of 
trauma fatalities was performed in the United States in 1961 by WAGONER 
(254). Since then, many studies have been performed in the United States as 
well as in other countries (68,103,143,152,256). 
In this chapter some methods for evaluation of hospital trauma care will 
be discussed which could possibly be used in The Netherlands. To show the 
merits and the limitations of these methods, they were retrospectively 
applied to a series of trauma patients admitted to the University Hospital 
Nijmegen in 1981-1982. Also some results from other studies, using these 
methods will be shown. 
V. 2 Patiente and methods 
Evaluation of trauma care can be conducted by quantitative as well as 
qualitative methods as shown in Table V.l. Essentially, quantitative methods 
are methods of comparison, and thus the results so obtained should be 
compared with results from earlier years, other centers or from literature. 
Some of the results of these quantitative methods, applied to a series of 
trauma patients admitted to the University Hospital Nijmegen in 1981-1982, 
will be compared with data from the 1970-1980 period, described elsewhere 
in more details by GORIS and DRAAISMA (106,107) and some results from 
similar studies performed in other centers. Qualitative analysis is performed 
by studying case histories. Individual case management is evaluated for 
(in)appropriate management and (possibly) preventable death. 
Trauma admission was defined as an admission for observation or treatment 
due to an injury caused by external violence. Patients dead on arrival were 
excluded. An Injury Severity Score (ISS) was calculated for each patient 
(10). The Hospital Trauma Index (HTI) (4) was utilized rather than the 
Abbreviated Injury Scale (62) for reasons discussed by GORIS (109). Only 
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Table V.l: Methods for evaluation of hospital trauma aare 
Quantitative methods for evaluation 
- Mortality related to the number of trauma admissions 
- Mean ISS of fatalities 
- Mortality related to ISS 
- Mortality related to ISS and cause of death 
- The modified West method 
- Logistic regression analysis 
Qualitative method for evaluation 
- Preventable death 
diagnoses known within 24 hours after admission were used to assign the HTI 
and ISS as recommended by GORIS (109). The cause of death was determined 
in every fatality by assessing all the evidence provided by clinical, 
laboratory, radiological, bacteriological and autopsy findings. Unless 
contradicted by the autopsy (which was only performed in 15% of trauma 
fatalities), the clinical cause of death was accepted. 
V. 3 Quantitative methods 
V.3.1 Mortality related to the number of trauma admissions 
The mortality as related to the number of trauma admissions in 1981-1982 
was 1.76%. This mortality rate was lower than in earlier periods, as shown 
in Table V.2. Although since 1973 the trauma population was more severely 
injured due to a shift in the pattern of referred patients, the mortality 
rate has decreased. 
The mortality rate of trauma patients admitted to the University Hospital 
Nijmegen was lower than the national mortality rate of admitted trauma 
patients (1.8% vs 2.5%). However, the national data as obtained from the SMR 
(Stichting Medische Registratie, nowadays SIG) can not be used for 
quantitative evaluation of hospital trauma care, as patients dying in the 
emergency department and in the operating theater are not registered as 
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Table V.2: Mortality of trauma admissions in the period 1970-1982 at the 
University Hospital Nijmegen (referred patients are included) 
Years 
1970-1973 
1974-1976 
1977-1980 
1981-1982 
Number of 
admissions 
3377 
5212 
6414 
2838 
trauma Number 
deaths 
66 
126 
129 
50 
of Mortality rate 
1.95 
2.41 
2.01 
1.76 
Note: 1973 Opening of the Intensive Care Unit 
1975 Introduction of prophylactic mechanical ventilation 
1977 Introduction of integral trauma treatment 
hospital admission by the SMR, and hence not regarded as hospital mortality. 
Furthermore, 'admission' is an administrative definition, used in different 
ways in different hospitals. For trauma care evaluation, 'hospital admission' 
should include all trauma patients, arriving with positive vital signs in 
the emergency room, excluding admissions resulting from poisoning, drowning, 
hanging and complications of medical treatment. These are generally included 
in the SMR data. Moreover criteria for admission will be different in 
different hospitals. However when only severely injured patients are 
included in the study, the bias of different admission criteria is limited 
as shown by LOWE et al (152). These authors analyzed retrospectively the 
quality of trauma care in 22 hospitals in Northwest Oregon. Only patients 
sustaining severe motor vehicle accident injuries and requiring direct 
admission to an intensive care unit or transport to an operating theatee 
were included in the study. A significantly lower mortality rate was found 
in hospitals with over 200 beds as compared to hospitals with less than 
200 beds. 
Therefore the mortality rate can be used as a simple and rapid method of 
evaluating the quality of hospital trauma care. However, because of the 
disadvantages mentioned above, this method is not completely reliable for 
evaluating trauma care. For these reasons, national data can hardly be used 
as reference data to evaluate hospital trauma care. 
85 
Table V.3: Mean HTI-ISS of trauma deaths in four patients (1970-1982) 
Years 
1970-1973* 
1974-1976* 
1977-1980* 
1981-1982* 
1981-1982** 
Number of 
trauma deaths 
22 
24 
43 
17 
50 
Mean HTI-ISS of 
trauma deaths 
39.9 
41.4 
45.8 
56.5 
47.8 
* referred 
18 
25 
42 
41 
32 
** 
Only blunt trauma patients, excluding: patients dying within the first 
hour of admission, with an isolated CNS injury, with burns, or with 
an isolated femoral neck fracture 
All trauma patients 
V.3.2 Mean ISS of fatalities 
To utilize this method, an ISS should be assigned to all trauma fatalities. 
The mean HTI-ISS for trauma fatalities in the period 1981-1982 was 47.8 
points. To compare these data with data from earlier periods (106-107), a 
selection was made, excluding patients dying within the first hour of 
admission, with an isolated femoral neck fracture, with burns, or with an 
isolated CNS injury. 
For this selected group of trauma deaths, the mean HTI-ISS was 56.5 points 
(Table V.3). In this wayatrend to higher mean HTI-ISS values for trauma 
deaths could be shown. When coupled with the lower mortality rate in more 
recent years, an improvement in the quality of trauma care could be seen. 
This method was also used by BÖHLKE (24) to evaluate hospital trauma care 
in different hospitals in Hennepin County (USA) during the period 1975-1980. 
Using this method he could find no significant differences in the mean ISS 
of fatalities in different hospitals, indicating, as he stated, the absence 
of major differences in the quality of care. Also CALES (42) evaluated 
hospital trauma care by this method. 
The major disadvantage of this method is the fact that no information about 
survivors is included. Another disadvantage is the fact that the average ISS 
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of trauma fatalities is largely influenced by the proportion of CNS injury 
related death present in the sample. In general, patients who die from 
CNS injury have a lower mean ISS (51,102,103,109). 
V.3.3 Mortality related to ISS 
This method is more time consuming because an ISS must be assigned to all 
admitted trauma patients. For purposes of evaluation, it is sufficient to 
assign an ISS to patients who will have an ISS of 20 points or higher. This 
indicates the major trauma victim (58,109). Moreover this selection will 
minimise the bias formed by the different admission criteria as all patients 
with an ISS of 20 points or more will be admitted due to the severity of 
their injuries. Such analysis will also provide information about the 
survivors. The results of this method, however, will still be influenced 
by the proportion of CNS injury related deaths present in the sample. 
V.3.4 Mortality related to ISS and cause of death 
This method is even more time consuming and includes subjective data, 
since the cause of death is not always clear. For clarity of analysis, 
mortality can be differentiated into three clearly unrelated clusters of 
fatalities (109): 
- Cluster A: patients dying from the severity of all injuries and/or 
complications, but excluding cluster В deaths (non-CNS deaths) 
- Cluster B: patients dying solely from CNS injury, although they might have 
other injuries (CNS deaths) 
- Cluster C: patients dying from pre-existent diseases. 
Differentiating between patients of cluster A and В may be difficult for 
comatose patients in shock. Patients dying with unmeasurable blood pressure 
(systolic blood pressure lower than 60 mm Hg) are assigned to cluster A, 
as coma is frequently caused by hypovolemic hemorrhagic shock, while CNS 
injury in itself does not result in hypotension (72). Cluster С is · 
characterized by patients with a low average ISS and (in general) high age, 
including e.g. patients dying after sustaining only a femoral neck fracture. 
Further analysis can be performed, excluding patients dying due to various 
reasons (cluster C). Of the remaining 46 fatalities in the period 1981-1982, 
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Table V.4: Causes of death and mean HTI-ISS of the 1981-1982 series compared 
with the 1970-1980 series (103) 
Cause of death 
CNS 
Hemorrhage 
Pulmonary embol 
Respiratory fai 
Sepsis and MOF 
Cardial 
Other/unknown 
Total 
ism 
lure (ARDS) 
No' 
29 
5 
3 
5 
39 
4 
4 
89 
L970 -
(%) 
(33) 
(6) 
(3) 
(6) 
(44) 
(4) 
(4) 
(100) 
1980* 
HTI-ISS 
44.6 
61.4 
38.7 
32 
33 
43.5 
31.2 
43.1 
1981 -
No {%) 
22 (48) 
16 (35) 
-
2 (4)° 
1982** 
HTI-ISS 
42 
66.4 
-
51 
5 (ll) 0 0 45 
-
1 (2) 
46 (100) 
-
24 
50.8 
** 
о 
00 
Blunt trauma deaths, excluding: patients dying within the first hour 
of admission, with an isolated CNS injury, with burns, or with an 
isolated femoral neck fracture 
Al 1 trauma deaths 
Both patients referred 
Three patients referred 
there were 22 CNS deaths and 24 non-CNS deaths. In the cluster of CNS deaths, 
the mean HTI-ISS of referred patients was similar to the mean HTI-ISS of 
directly admitted patients (HTI-ISS = 43.7 vs HTI-ISS = 40.8; p>0.1; 
Mann-Whitney U test). However the mean HTI-ISS of directly admitted non-
CNS deaths was significantly higher than the mean HTI-ISS of referred 
non-CNS deaths (HTI-ISS = 65.6 vs HTI-ISS = 43 points; ρ < 0.05; 
Mann-Whitney U test). 
Causes of death for these 46 patients are shown in more detail in 
Table V.4. Improved care can be shown in two ways. First, the frequency 
of some causes of death will be reduced with improved care (e.g. hemorrhage, 
pericardial tamponade, airway obstruction, pulmonary embolism). Secondly, 
when care improves, certain causes of death will still be present, but only 
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for more severely injured patients (e.g. hemorrhage, respiratory failure and 
multiple organ failure). 
V.3.5 The modified West method 
In 1981 WEST published the Autopsy Method for evaluation of hospital trauma 
care (257,258). This method utilizes data available from the coroners' report 
and autopsy (both public data) and includes quantitative and qualitative 
analyses. Autopsy is only performed sporadically in The Netherlands, thus the 
West method had to be adapted. Only such clinical data as age, the ISS, the 
performance of emergency operation and the clinical cause of death are used 
and are analyzed quantitatively. 
For reference data, two studies were used which both utilize the Autopsy 
Method (191,220). In order to be able to compare results, the criteria for 
patient selection and evaluation methods should be uniform. To this end, the 
following remarks should be noted: 
- to assign an ISS, we utilized HTI whereas the other studies utilized AIS. 
To compensate for this an ISS rating, utilizing the AIS-1980 (62) was 
additionally assigned to these patients. This will be referred to as 
AIS-ISS. 
- as referred patients were excluded in the other studies, they were also 
excluded in our series. 
- as only traffic accident fatalities were included in the other studies, 
only fatalities from blunt trauma were taken into consideration in our study. 
With these criteria, 27 patients of the 1981-1982 series were analyzed. 
There were 12 CNS deaths and 15 non-CNS deaths. In the other studies, trauma 
deaths with any type of CNS injury were included in the CNS injury related 
death group. As stated above, we prefer another selection. In our opinion, 
patients who do not die solely from the CNS injury, but from the severity of 
all their injuries and/or complications, should be included in the group of 
non-CNS injury related deaths. 
For these reasons data from 15 patients were selected to be analyzed by 
the modified West method. The mean AIS-ISS in our series was higher than in 
the other series (67 vs 54 points) (Table V.5). No statistical analysis 
was performed, because of the small numbers of patients and the absence of 
standard deviations in the reference studies. In our series, 14 of the 15 
patients died within six hours of admission, in contrast to the San Francisco 
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Table V.5: Analysis by the modified West method of the 1981-1982 series, 
as compared to other studies 
No 
AIS-ISS 
Mean age 
Hemorrhage 
Erne rg. ope r. 
Death <6 h 
University 
Hospital 
Nijmegen 
1981-1982 
15 
54 
44 
14 
8 
14 
San Francisco 
County* 
1974-1975 
16 
45 
53 
4° 
15 
'minority' 
Orange 
County 
1974 
30 
37 
37 
23° 
6 
24 
San Diego 
County 
1979 
33 
34 
36 
-
-
-
* From WEST et al (256) 
** From NEUMAN et al (191) 
0
 Comatose patients in shock were excluded from the San Francisco County 
and Orange County studies 
General Hospital study where only a 'minority' died within the first six hours. 
Possible reasons for this difference could be: 
- comatose patients in shock were excluded from the San Francisco series 
- the mean severity of injury was higher in our series as seen in the 
higher mean AIS-ISS. 
V.3.6 Logistic regression analysis 
One other quantitative method for evaluation, which may be the most 
important one, should be mentioned here. This method uses all known factors 
influencing outcome. Probability of mortality can then be calculated by 
logistic regression analysis. Mortality rates can then be compared, and 
should reflect quality of hospital trauma care. However until now, such study 
has only been performed for patients with severe head injuries (36,94). 
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К. 4 Qualitative analysis 
Qualitative analysis can be performed for all admitted trauma patients. 
However qualitative analysis is generally performed on groups of trauma 
fatalities. Because of the difficulty of analyzing the case history of 
referred patients, and because the primary interest generally is in evaluating 
own quality of care, referred patients are usually excluded from such studies. 
Qualitative analysis of the care given to CNS injury related fatalities is 
seldom performed, due to the absence of well defined qualitative criteria. 
This analysis should start with the cause of death and should be performed 
according to generally accepted criteria for trauma management and for 
preventive measures. In this way, trauma care management for the individual 
patient can be critically assessed. 
For all these reasons, we evaluated only directly admitted non-CNS deaths. 
Because of these restrictions, ultimately only 15 fatalities in the 1981-
1982 series could be qualitatively evaluated. 
Preventable death was said to be present when death occurred from 
inadequately managed airway obstruction, tension pneumothorax, pericardial 
tamponade without adequate treatment, hemorrhagic death without adequate 
surgical intervention and death from aspiration in the hospital. Factors 
such as inadequate shock treatment and inadequate respiratory treatment were 
only analyzed in second instance. Evaluation was performed by one person, 
who had access to all available data (111). 
From these 15 patients, three were classified as possibly preventable death 
and one as definitely preventable death (total 28%). There were five 
management failures: four times by excessive diagnostic procedures and one 
time by inadequate treatment. This preventable mortality rate is very similar 
to the preventable mortality rate described in the literature (72,103,143,152, 
254,257). 
V. 5 Disaussion 
Even when the study population can be optimally defined, and when generally 
accepted and validated evaluation methods are used, quantitative methods 
only provide a global impression of the quality of trauma care. The ISS has 
been shown to be of proven value for quantitative analysis. There is a high 
inter-rater reliability and the correlation with mortality is good (10,39,220). 
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The ISS can be used in several ways for quantitative analyses of hospital 
trauma care as shown. 
The modified West method contributes greatly to the effectiveness of 
analysis. However, this method is especially concerned with hemorrhage as 
a (preventable) cause of death. This method accepts as almost inevitable 
death from such complications as ARDS and MOF. In our opinion, as a rule, 
death from these complications could be prevented by optimal initial treatment 
(23,108). For this reason, quantitative analysis of the incidence and the mean 
ISS values for the different causes of death may give important additional 
information as to the quality of hospital trauma care. 
Qualitative analysis offers a deeper understanding of quality of trauma 
care and may indicate possible problem areas. Qualitative analysis can best 
be performed starting from the cause of death. 
An optimal evaluation of trauma care should utilize both the quantitative 
and qualitative methods and compare the results. 
This study was presented at three micro-symposia, organized by the Dutch 
Society of Traumatology in The Netherlands in: Eindhoven, June 12, 1986; 
Haren, June 13, 1986, and Sassenheim, June 16, 1986. 
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Part III 
Prospective Multiaenter Study 
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Chapter VI 
MATERIALS, METHODS AND PATIENT POPULATION 
VI. 1 Introduotion 
In 1983, we performed a retrospective evaluation of trauma care in the 
University Hospital Nijmegen. This study, published in the Medisch Contact 
(111), aroused our concern as the rate of preventable death was as high as 
in the literature (see Chapter V). In the article in Medisch Contact we 
suggested performing such a prospective study in different hospital 
categories in The Netherlands. With such a prospective study it would also 
be possible to verify the validity and reliability of HTI-ISS on a group 
of severely injured patients. 
We then brought this idea to the attention of general surgeons especially 
involved in trauma care. To properly evaluate hospital trauma care, six 
hospitals were needed to participate in this study: two university 
hospitals, two general hospitals with neurosurgical departments, and two 
general hospitals without neurosurgical departments. 
After acquiring the financial means to perform this study, we found 
12 general surgeons in different hospitals prepared to participate in the 
study. The surgical staffs of these hospitals were visited by the author to 
explain the aims and methods of this prospective study. In most hospitals 
the general surgeon who coordinated the study in that participating 
hospital informed the various departments: neurology, neurosurgery, 
anaesthesiology, cardiovascular surgery and orthopedics. After this intro­
duction, one hospital withdrew, but later on two other hospitals entered the 
study. Of the 13 initial hospitals participating in the study, one hospital 
was excluded because of inadequate data collection. 
VI. 2 Partiaipat-ing hospitals 
The hospitals participating in this study were categorized as follows: 
Category A General hospitals without neurosurgical department 
Category В General hospitals with neurosurgical department 
Category С University hospitals 
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Category A consisted of five hospitals with an average number of 376 beds 
(range 270-560). Three hospitals have a registrated surgical training 
program. None of these hospitals has a department of neurosurgery, nor a 
CT-scanner at their disposal. The mean number of severely injured patients 
admitted yearly was estimated between 20 and 25 per hospital. 
Category В consisted of three hospitals with an average number of 709 beds 
(range 530-890). All hospitals have a registrated surgical training program. 
All hospitals have a department of neurosurgery, but one does not have a 
CT-scanner. In this hospital, a CT-scanner is located in another nearby 
hospital. The mean number of severely injured patients admitted yearly was 
estimated between 50 and 60 per hospital. 
Category С consisted of four hospitals with an average number of 860 beds 
(range 690-1100). All hospitals have a registrated surgical training program. 
One hospital does not have a neurosurgical department, but all hospitals 
have a CT-scanner at their disposal. The mean number of severely injured 
patients admitted yearly was estimated between 70 and 90 per hospital. 
These hospitals are located in different geographic parts of The Netherlands; 
two hospitals in Limburg, three in North Brabant, two in Gelderland, one in 
North Holland, one in Overijssel, two in South Holland and one in Groningen. 
VI. 3 Materials and methods 
The study included all trauma patients sustaining severe blunt or 
penetrating injuries who required admission to one of the participating 
hospitals in the period October 1, 1984 - October 1, 1985. A severely injured 
patient was defined as having an HTI-ISS of 18 points or higher (109). All 
patients with positive vital signs (cardiac or respiratory action) on admission 
were included in the study. Patients who received resuscitative measures on 
arrival, but who never showed positive vital signs were excluded. 
The HTI-ISS was assessed by both the physician caring for the patient and 
by the author; the HTI-ISS score of the latter was decisive for inclusion 
in the study. 
Information was prospectively collected and summarized on a standardized 
file which contained all relevant data (121 per patient). Data were collected 
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regarding age, sex, pre-existent disease, etiology of trauma, time of trauma 
and several time intervals (admission to operating theater, admission to 
intensive care unit etc.)> consultations, diagnoses, complications, expected 
long term outcome as determined at discharge and, when death occurred, place 
and cause of death. The initial treatment was extensively recorded. This 
included airway management, intravenous resuscitation, radiological and 
other diagnostic procedures, therapeutic procedures, indication(s) for and 
type(s) of operation(s) and findings at operation. 
For patients referred from or transferred to other non-participating 
hospitals, all the relevant data were formally requested by a letter to the 
physician caring for the patient in the non-participating hospital. 
A second patient population studied were those trauma patients dying in 
the hospital with an HTI-ISS of less than 18 points. Consequently, data of 
these patients were collected retrospectively. Patients only sustaining a 
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Figure VI.1: Age distribution of 547 severely injured patients 
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Table VI.l: Mechanisms of injury ccnd mean age in years 
Mechanism Patients Mean age + SD 
of trauma No. % 
33.5 + 20.6 
35.2 + 16.0 
26.0 + 9.8 
23.7 + 13.3 
37.5 + 27.4 
24.3 + 11.3 
43.9 + 21.2 
Blunt trauma 
Traffic 
car occupant 
motorcyclist 
motorbike rider 
cyclist/pedes 
other 
Non traffic 
fall/jump 
industrial 
assault 
other 
trian 
530 
428 
189 
24 
63 
143 
9 
102 
70 
13 
5 
14 
96.9 
78.3 
34.5 
4.4 
11.5 
26.1 
1.6 
18.6 
12.8 
2.4 
0.9 
2.4 
Penetrating trauma 17 3.1 28.7 + 8.6 
femoral neck fracture were excluded from this study. Data concerning this 
secondary population will be clearly indicated in the analysis. In general, 
the reported data apply to the severely injured patients prospectively 
studied. 
VI. 4 Study population 
In the study period 556 severely injured patients were admitted to the 
participating hospitals. However, data on 9 patients were insufficient, 
leaving 547 patients. From the 547 severely injured patients admitted to 
the participating hospitals, 409 were men and 138 women (ratio 3 to 1). 
Most patients were aged 10-29 (46%), as is shown in Figure VI.1. 
The injury mechanism was blunt trauma in 530 patients. Only 17 patients 
(3%) sustained a penetrating injury. Most admissions were due to traffic 
accidents (78%), followed by falling or jumping from a great hight (13%) 
(Table VI.1). The mean age of patients admitted following a traffic accident 
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was 33.5 + 20.6 years (mean + SD), for patients admitted after non-traffic 
blunt injury, 43.9 + 2.2 years and for patients sustaining a penetrating 
injury 28.7 + 8.6. These differences are statistically significant 
(p < 0.0001; Kruskal-Wallis test). Within the group of patients admitted 
following a traffic accident, the mean age of the automobile occupants 
was significantly higher than the mean age of the other traffic injury 
victim categories (p < 0.005; Mann-Whitney U test), with the exception of 
the group of pedestrians/bicycle riders. 
The highest numbers of patients were admitted in April (57) and November 
(56). In January however, only 29 patients were admitted (p > 0.05; Chi-
square test). Accidents occurred most frequently on Thursday and Saturday 
(both 91), and least on Monday (64). However, this difference was not 
statistically significant (p > 0.05; Chi-square test). The distribution 
throughout the day showed a peak incidence of accidents between 4:00 pm and 
8:00 pm. Accidents occurred least frequently between 5:00 am and 7:00 am 
(p < 0.0001; Chi-square test). 
Most patients (75%) were healthy at the time of injury. When a pre-existing 
disease was known, this was recorded as follows. Class I: disease, not treated 
with medicine. Class II: disease, (needed to be) treated with medicine. The 
disease is under control. Class III: the disease has resulted in complications 
or impaired function of organs due to the illness or operation(s). Class IV: 
disease, not under control or with severe complications. Class V: disease, 
in itself life threatening. Only 12.4% of the patients were in the last 
3 classes: class III, 6.2%; class IV, 5.5% or class V, 0.7%. From the other 
patients, 24 (4.4%) had a class I, and 45 (8.2%) a class II pre-existing 
disease. These data reflect the fact that severe trauma occurs mostly in 
healthy, young people. 
VI. S Distribution by hospital category 
As 12 patients were transported between participating hospitals, in total 
559 data sets were collected. From these 66 (11.8%) patients were admitted 
to a category A hospital, 151 (27%) patients to a category В hospital, and 
342 (61.2%) patients to a hospital of category C. This is shown in detail 
in Figure VI.2. 
Of the 66 patients admitted to a category A hospital, 65 patients were 
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65 
106 
38 
221 
116 
Category A 
hospitals 
(49) 
Category В 
hospitals 
(106) 
Category С 
hospitals 
(217) 
Figure VI.2: Distribution of patient population 
Distribution of numbers of severely injured patients admitted 
to the different categories of participating hospitals. The 
numbers within the brackets are those patients directly 
admitted from the scene of accident to the participating 
hospitals and totally cared for in that hospital (transfers 
because of social reasons or rehabilitation occurring later in 
the clinical course are not regarded as transfer). 
Numbers on the left side reflect patients admitted from the 
scene of accident ( ») or referred from non-participating 
hospitals ( * ) . Numbers on the right side reflect 
patients transferred to participating ( ») hospitals or 
transferred to non-participating hospitals ( • ) . 
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directly transported to the participating hospital from the scene of 
accident. Only one patient was referred from a non-participating hospital. 
This patient was referred for social reasons. The category A hospitals 
provided total care for 49 admitted patients; 16 patients were referred 
to other hospitals, 7 to a non-participating hospital and 9 to a 
participating hospital. 
Of the 151 patients admitted to a category В hospital, 106 (69%) patients 
were admitted directly from the scene of accident and 45 (31%) were 
referred from other hospitals. Of those 45 referred patients, 38 were 
referred from a non-participating hospital and 7 from a participating 
hospital. No patient was transferred to another hospital for reasons 
other than social or rehabilitation reasons during the clinical course. 
Of the 342 patients admitted to a category С hospital, 221 (64.6%) were 
admitted directly from the scene of accident and 121 (35.4%) patients 
were referred from other hospitals. From those 121 referred patients, 
116 were referred from non-participating hospitals and 5 from participating 
hospitals. Four patients were transported to other hospitals for reasons 
other than social and rehabilitation reasons during the clinical course. 
Three patients were transferred for medical reasons and one patient, 
because of a shortage of intensive care beds. 
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Chapter VII 
VALIDITY AND RELIABILITY OF THE HOSPITAL TRAUMA 
INDEX - INJURY SEVERITY SCORE (HTI-ISS) 
VII. 1 Introduction 
The Injury Severity Score (ISS) is the most widely used injury severity 
index (10,161). In most studies ISS is calculated by summing the squares 
of the three highest values of the Abbreviated Injury Scale (AIS) (10). 
However, we prefer to utilize the Hospital Trauma Index (HTI), an 
adaptation of AIS developed by the American College of Surgeons (4), for 
reasons described earlier in this thesis and in the literature (106,108,109). 
Several studies have confirmed the usefulness of the AIS-ISS as to its 
validity (10,39,220) and reliability (161). However, only few studies have 
systematically examined the validity of the HTI-ISS (97,109,214), and no 
study has been performed to evaluate its reliability. 
The objective of this part of the study is to examine the validity and 
reliability of the HTI-ISS (see Appendix). 
VII. 2 Patients and methods 
A prospective analysis was performed in the period October 1, 1984 -
October 1, 1985 on a group of 547 severely injured patients admitted 
with positive vital signs to 12 hospitals in The Netherlands. The HTI 
is a trauma scoring system utilizing six body areas: 'respiratory', 
'cardiovascular' , 'nervous system', 'abdominal', 'extremities' and 
'skin & subcutaneous' with an index of 0 (no injury) to 5 (critical injury). 
Only diagnoses known within 24 hours of admission and before death were 
scored. The blood pressure, scored in the cardiovascular body area, was 
the lowest systolic blood pressure obtained before emergency operation. 
When multiple lesions were present in one organ system, the final index 
was determined by assimilating 2 major lesions (HTI 3) to 1 severe (HTI 4) 
and 2 severe lesions to 1 critical (HTI 5). The HTI was scored by the 
physician caring for the patient and by the author, who scored the HTI 
using the recorded data. The HTI-ISS was calculated by summing the squares 
of the three highest values of the HTI. Only patients with an HTI-ISS of 
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18 points or higher as scored by the author, entered the study. After a 
period of 3 months or more, the author scored all the patients once again. 
For validity testing, the HTI-ISS scored the first time by the author was 
used. Validity was tested by establishing the relationship between HTI-ISS 
and mortality, expected long term outcome as determined at discharge, and 
duration of hospital stay of survivors. The expected long term outcome was 
classified according to the criteria of STEINBROCKER et al (229). Class I: 
complete functional capacity. Class II: adequate for normal activities, 
despite handicap or discomfort. Class III: limited functional capacity, 
adequate for only few or no duties or usual occupation. Class IV: greatly 
or totally incapacitated or needing to be instituted. (Class V: death before 
discharge). Patients with amputation or paresis were classified III or IV 
as appliciable. 
As the seventy of the injury might not be the only factor influencing 
the probability of mortality (see also Chapter II), we studied the 
probability of death using a logistic model of the form 
Ρ (y lx 1...x 7) = l/(l+exp(-(6o+ß1X1+ß2X2...+07X7))) 
Where Ρ is the probability of death and χ., Χρ,.,.χ, are the numerical 
codes for each measured variable. The following patient variables were used 
to develop the logistic model: 
- age 
- sex 
- pre-existent disease in five classes of severity 
- age * pre-existent disease 
- HTI-ISS 
- Glasgow Coma Scale (GCS) (238) one hour after or, when unknown, on 
admission 
- HTI-ISS * GCS 
The coefficients & 0, 0, ß 7 are model parameters and can be derived out 
of the data by means of regression analysis. 
Reliability was tested for both the HTI-ISS as well as for HTI scores 
separately. The inter-rater reliability, the agreement between the 
physician caring for the patient and the author, and the intra-rater 
reliability, the agreement between the two scores made at different times by 
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the author, were analyzed using kappa statistics (88). Kappa is the 
percentage agreement corrected for chance agreement under the assumption 
that the ratings are made independently. Kappa can range from -1 to +1. 
It is negative when expected agreement is greater than observed, zero 
when expected agreement is equal to observed agreement and positive when 
observed agreement is greater than expected. LANDIS and KOCH (146) 
proposed the following guidelines to judge the relative degree of strength 
of the calculated kappa statistics. 
Kappa Degree of strength 
0.00-0.20 negligible 
0.21-0.40 fair 
0.41-0.60 moderate 
0.61-0.80 substantial 
0.81-1.00 almost perfect 
Kappa as defined above considers all disagreements to be of equal importance. 
However it is clear that a disagreement between HTI 5 and HTI 4 is not as 
serious as a disagreement between HTI 5 and HTI 1. To measure agreement taken 
into account the relative effect of disagreement, a weighted kappa was 
computed for the HTI scores using the following weights W^.=l-(i-j/5), 
where i and j are the HTI scores (i,j=0...5). 
VII. S Results 
VII.3.1 Validity 
Mortality 
The relationship between HTI-ISS and mortality is an important measure 
of validity. The mean HTI-ISS for fatalities was significantly higher than 
the mean HTI-ISS for survivors (44.7 + 15.9 vs 32.4 + 11.8: ρ < 0.0001; 
Mann-Whitney U test). In Table VII.l mortality rate is given for different 
HTI-ISS subgroups, according to PILLGRAM-LARSEN et al (202). A good 
correlation between HTI-ISS and mortality rate can be shown in this way 
(p < 0.0001; Chi-square test). 
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Table VII.l: Mortality rates for different HTI-ISS subgroups 
HTI-ISS Mortality Mortality rate 
18-24 3/103 2.9% 
25-32 44/167 26.4% 
33-38 28/ 81 34.6% 
41-48 19/ 73 26.0% 
49-59 48/ 87 55.2% 
66 20/ 25 80.0% 
75 10/ 11 91.0% 
Outaome in five alasses 
Of the 547 patients 172 patients died. At discharge, the clinical prognosis 
for 56 patients was expected to be unfavorable in the long term (Steinbrocker 
Class III, 34 patients and Class IV, 22 patients). Threehundred and nineteen 
patients were expected to make a favorable long term outcome (Class I, 231 
patients and Class II, 88 patients). A strong correlation between the HTI-
ISS and expected long term outcome (Spearman Rank Correlation = 0.433, 
ρ < 0.0001) was shown. This is also shown in Figure VII.l, where for each 
outcome class the 50-percentile HTI-ISS as well as the 25 and 75 percentiles 
are given. From this figure it can be concluded that though there is a 
significant correlation between HTI-ISS and outcome, there is a wide scatter 
within each outcome class. 
Duration of hospital stay 
There was shown to be a strong correlation between the HTI-ISS and 
duration of hospitalization time of survivors (Spearman Rank Correlation 
= 0.33, ρ < 0.0001). 
Logistic Regression Analysis 
Combinations of pairs of factors influencing outcome may be expected to 
have more predictive power than HTI-ISS only. A randomly selected subgroup 
of 363 patients was used to develop an appropriate logistic model. Using 
stepwise forward and stepwise backward regression analysis with the 
variables mentioned earlier, three variables were shown to have the best 
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Figure VILI: Median HTI-ISS rating (including 25 and 75 percentile) 
related to outcome class according to Steinbrocker (229) 
predictive value. These variables were age, HTI-ISS and level of 
consciousness as assessed by the Glasgow Coma Scale. This resulted in the 
following model : 
Ρ (ylx1...x3) = l/(l+exp(-(0.33+0.40*GCS-0.049*age-0.03*HTI-ISS))) 
This model was checked using the other subgroup of 184 patients and tested 
by Chi-Square test. The model underestimates the probability of death in 
the lower probability classes, and overestimates the probability of death 
in only few probability classes (Table VII.2). However, it could be 
shown that actual frequency of death was never significantly different from 
the expected frequency of death (Table VII.2). 
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Table VI 1.2: Model check of prediction of mortality 
Probabi l i ty (%) Patients Expected Actual Chi-square 
predicted to die (no.) morta l i ty (no.) morta l i ty (no.) value 
0 - 10 
10 - 20 
20 - 30 
30 - 40 
40 - 50 
50 - 60 
60 - 70 
70 - 80 
80 - 90 
90 -100 
85 
17 
10 
11 
7 
12 
7 
15 
7 
11 
2.9 
2.4 
2.4 
3.7 
3.1 
6.4 
4.5 
11.3 
6.0 
10.4 
4 
3 
3 
4 
2 
7 
3 
12 
6 
10 
-0.40 
-0.11 
-1.23 
-0.02 
+0.83 
-0.09 
+1.50 
-0.19 
0.0 
+0.28 
Model check of predict ion of morta l i ty by the model 
P ( y l x 1 . . . x 3 ) = l/(l+exp(-(0.33+0.40*GCS-0.049*age-0.03*HTI-ISS))) 
applied to a randomly selected subpopulation of 184 severely injured 
patients (total number for model check however was 182 due to a missing 
variable in two patients). 
A Chi-square value of >3.84 indicates a statistically significant difference 
between expected and actual mortality at a level of ρ < 0.05. The sign 
before the Chi-square value is positive when expected mortality is more 
than actual mortality and negative, when expected mortality is less than 
actual mortality. 
VII.3.2 Reliability 
Inter-rater reliability 
The inter-rater reliability is shown in Table VII.3 for both the different 
HTI body areas as well as for the HTI-ISS. As is shown, the unweighted kappa 
values are largely greater than 0.80 reflecting almost perfect agreement. 
Only for the body area 'cardiovascular system' the level was somewhat lower, 
0.65, which still reflects substantial agreement according to LANDIS and 
KOCH (146). That the differences within the disagreement group are minimal 
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Table VII.3: Levels of inter- and intra-rater reliability of the HTI and 
its derivate the ISS given as unweighted and weighted 
kappa statistics. 
Unweighted kappa Weighted kappa 
HTI area Inter Intra Inter Intra 
Respiratory 
Cardiovascular 
CNS 
Abdomen 
Extremities 
Skin & subcutaneous 
0.80 
0.65 
0.86 
0.86 
0.87 
0.86 
0.96 
0.90 
0.96 
0.95 
0.96 
0.85 
0.88 
0.79 
0.93 
0.91 
0.94 
0.86 
0.98 
0.95 
0.98 
0.98 
0.98 
0.85 
HTI-ISS 0.64 0.87 
Weighted kappa statistic was computed using the following weights 
W. . = 1 - (i-j/5), where i and j are the HTI scores (0,1,...5). 
can be shown by the weighted kappa values which all range between 0.79 and 
0.94. With a kappa value of 0.64, the level of agreement for the HTI-ISS, 
which is a derivate from the HTI scores, was substantial. 
Intra-rater reliability 
The intra-rater reliability was much higher than the inter-rater reliability 
as shown in Table VII.3. The higher level of agreement is reflected in 
unweighted kappa values which range between 0.85 and 0.96 for the HTI areas 
and reached a level of 0.87 for the HTI-ISS. Weighted kappa values were even 
somewhat higher. 
VII. 4 Discussion 
In this series of severely injured patients, the HTI-ISS ratings have a 
statistically significant correlation when compared to mortality, the expected 
long term outcome as assessed at discharge, and the duration of hospital stay 
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of survivors. 
These results confirm the validity of the Injury Severity Score. For reasons 
discussed earlier in this thesis (Chapter II), we prefer the Hospital Trauma 
Index rather than the Abbreviated Injury Scale to derive the Injury Severity 
Score. Since the reported studies from our institute on this subject (106, 
108,109), several authors have used the HTI-ISS rather than the AIS-ISS to 
study major trauma and the effectiveness of early fixation of unstable 
fractures (42,136,219). From this study we can not conclude HTI-ISS to be 
superior to the AIS-ISS, but we can confirm the validity of the HTI-ISS. 
Mortality rates for HTI-ISS subgroups 25-32, 33-38 and 41-48 were shown 
to be almost similar. This can be explained by the fact that patients who 
die from CNS injury were included in this series. It is well known that 
this inclusion, especially when CNS injury is prominent in the series, 
disrupts mortality rates in the middle range of HTI-ISS values (51,102,103, 
109). 
Thus, as is mentioned before, for critical evaluation of trauma care 
all known major factors influencing probability of death must be included 
in the analysis. We found that the probability of death could be predicted 
more accurately by using a set of variables consisting of age, HTI-ISS and 
Glasgow Coma Scale. The inclusion of these variables was also shown to 
predict outcome more accurately by several other authors (55,97,102,171, 
172,214,223). 
The inter- and intra-rater reliabilities were shown to be substantial to 
almost perfect for all HTI body areas and HTI-ISS. The level of inter-
rater agreement will in fact be somewhat lower as patients with an HTI-ISS 
of less than 18 points as scored by the author, but with 18 or more points 
as scored by the caring physician, were not included in the series. 
However this involves only 7 patients. It is possible that an additional 
bias was introduced in the level of inter-rater agreement as patients with 
an HTI-ISS of less than 18 points as scored by the caring physician were 
not brought to the attention of the author, but the magnitude of this bias 
is unknown. 
The level of agreement for the HTI area 'cardiovascular' was significantly 
lower than for the other HTI areas. This corresponds with our previous 
findings that the patients who were troublesome to score were those patients 
whose systolic blood pressure decreased before operation due to improper 
infusion therapy and those who were not operated upon. 
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It can be difficult to decide if the lowest systolic blood pressure is due 
to the traumatic insult itself or due to inproper infusion therapy, thus 
resulting in different HTI scores for the 'cardiovascular' body area. 
However, we have developed a revision of the HTI with clear defined rules 
for the body area 'cardiovascular' and which includes the Glasgow Coma 
Scale. The blood pressure, scored in the area 'cardiovascular' in this HTI 
revision, is defined as the lowest blood pressure obtained before operation 
and within the first hour of admission, making it less dependable from the 
clinical intervention. Validity and reliability studies of this revision are 
in progress. From the results of this study, we conclude that HTI-ISS may 
be used as a valid and reliable measure of injury severity. However, when 
included in a model which also includes age and GCS, probability of death 
can be more accurately predicted. 
Ill 

Chapter Vili 
QUANTITATIVE ANALYSIS OF HOSPITAL TRAUMA CARE 
VIII. 1 Introduction 
In the last 10 years, numerous studies have been published reporting 
differences in the quality of care when assessed by quantitative methods 
(16,24,42,143,152,167). These methods of comparison have many pitfalls as 
described in Chapter V. However, they can give a global impression of the 
quality of hospital trauma care. 
The aim of this study was to evaluate hospital trauma care using some of 
these methods. 
VIII. 2 Patienta and methods 
All trauma patients sustaining severe blunt or penetrating trauma requiring 
admission to one of the participating hospitals in the period October 1, 1984 
to October 1, 1985 were included in this prospective study. A severely 
injured patient was defined as having an HTI-ISS of 18 points or more, as 
scored by the author (4,10,109). 
As, in general, referred patients are more severely injured than patients 
directly admitted and they frequently suffer from complications, the 
patients were divided into two groups for proper analysis. Group I includes 
only those patients admitted directly from the scene of accident and 
totally cared for in that participating hospital. Group II includes all 
admitted trauma patients; thus, also those patients transferred to other 
hospitals or referred from other hospitals are included. 
Analysis by different methods was performed to compare the results for 
the three different hospital categories, as defined in Chapter VI.2. In 
summary: Category A includes five general hospitals without a neurosurgical 
department. Category В includes three general hospitals with a neuro­
surgical department and Category С includes four university hospitals. 
Analysis was performed using five different methods: 
1) comparison of mortality rates 
2) comparison of mortality rates corrected for differences in initial 
prognostic factors on admission 
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3) comparison of the HTI-ISS of the fatalities 
4) comparison of the causes of death 
5) comparison using the modified West method. 
The first analysis performed compared the mortality rates. As differences 
in the mortality rate may result from differences in the initial injury 
severity as assessed by the HTI-ISS or from differences in management, the 
distribution of patients in the different HTI-ISS subgroups was also 
analyzed. However, as shown in Chapter VII, the severity of the initial 
injury as assessed by the HTI-ISS has been shown to be only one factor 
influencing the outcome. 
In the second analysis, the mortality rates corrected for differences 
in the initial prognostic factors were compared. Using stepwise logistic 
regression analysis, a model was developed that includes age, HTI-ISS, 
and GCS (see Chapter VII). The probability of death for each patient could 
be accurately estimated by this model. The sum of the estimated probabilities 
is the number of expected deaths in a series of patients. We compared the 
actual mortality in the three hospital categories with the expected mortality. 
If the actual mortality equals the expected mortality, differences in the 
mortality rates can be explained by the differences in prognostic factors as 
assessed on admission. However, when the actual mortality rate in one 
hospital category is higher (though not significantly) than expected, and 
lower than expected (though not significantly) in another hospital category, 
the difference in mortality rate, corrected for initial prognostic factors, 
between the hospital categories may be statistically significant. 
The third analysis compared the mean HTI-ISS of fatalities. The mean HTI-
ISS was determined separately for all deaths as well as for non-CNS deaths. 
In the fourth analysis causes of death and the mean HTI-ISS for the main 
causes of death were compared. The cause of death was determined in every 
fatality by assessing all the evidence provided by clinical, laboratory, 
radiological, bacteriological and autopsy findings. Unless contradicted 
by the autopsy, the clinical cause of death was accepted. Comatose patients 
with inmeasurable blood pressure on admission were not classified as 
having died from CNS injury, but from hemorrhage (or incidentally when 
appropriate, as having died from tension pneumothorax or cardiac tamponade). 
CNS death was defined as death solely due to a CNS injury. For nearly every 
patient, consensus was reached between the author and the caring physician 
as to the cause of death. 
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In the last analysis, group I non CNS-deaths were analyzed by the modified 
West method, as described in Chapter V (256,257). 
Statistical analysis of the differences between hospital categories was 
performed using the Chi-square test, the Kruskal Wallis K-sample test and 
the Mann-Whitney U test when appropriate. P-values <0.05 were considered 
to indicate statistical significance. 
VIII. 3 Results 
Between October 1, 1984 and October 1, 1985, a total of 547 severely 
injured patients were admitted to the participating hospitals. As 12 
patients were transported between participating hospitals, the outcome 
results from 559 patients were analyzed (see Figure VI.2). 
Mortality rate: The mortality rate of group I patients was significantly 
lower in category С hospitals than in both the other hospital categories 
(Table VIII.1). The mortality rate in category A hospitals did not differ 
from that in category В hospitals. Comparison of the mortality rates for 
the group II patients showed the same results. In Table VIII.2 the number 
of patients in each HTI-ISS subgroups is given for group I patients. The 
distribution of patients within each hospital category was significantly 
different, mainly because of a difference in the number of patients in the 
HTI-ISS subgroup 18-24 points (p < 0.005; Chi-square test). When this 
HTI-ISS subgroup was excluded, no significant difference in injury severity 
distribution could be shown (p = 0.08; Chi-square test). In Table VIII.3, 
the mortality rate for each HTI-ISS subgroup is shown for group I patients. 
In category A and В hospitals, no patients with an HTI-ISS of 66 or 75 
points survived, as compared to 4 of the 10 patients in category С hospitals. 
Logistia regression analysis: Subsequently, logistic regression analysis 
was performed to see whether the differences in mortality rates could be 
explained by differences in the most relevant prognostic factors. As shown 
in Table VIII.4, for group I patients the actual mortality was higher than 
expected for category A and В hospitals, and lower than expected for 
category С hospitals. However, the differences between the actual and 
expected mortality rates were not statistically significant. For group II 
patients, the actual mortality rate equalled the expected mortality rate 
for category A hospitals, was higher than expected for category В hospitals 
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Table VIII.l: Mortality rates for the different hospital categories 
Hospital Category 
А В С 
n/N ( % ) n/N ( % ) n/N ( % ) 
Group I 21/49 (43) 42/106 (40) 47/217 (22) 
Group II 25/66 (38) 65/151 (43) 87/342 (25) 
P-value 
A-B A-C B-C 
0.7 0.004 0.001 
0.6 0.05 0.0002 
n: number of deaths 
Ν: number of admitted patients with HTI-ISS >^  18 
Group I : trauma patients, admitted directly from the scene of accident 
and totally cared for in that participating hospital 
Group II: all admitted trauma patients 
Statistical analysis was performed using the Chi-square test. P-values 
< 0.05 represent statistical significance. 
Table VIII.2: Distribution of group I patients per HTI-ISS subgroup 
for the three hospital categories 
Hospital Category 
HTI-ISS A B C 
subgroup No. (%) No. {%) No. {%) 
8-24 
25-32 
33-38 
41-48 
60-59 
66 
75 
4 
10 
7 
8 
12 
6 
2 
( 8) 
(21) 
(14) 
(16) 
(25) 
(12) 
( 4) 
19 
33 
20 
12 
17 
4 
1 
(18) 
(31) 
(19) 
(11) 
(16) 
( 4) 
( i) 
62 
66 
29 
24 
26 
4 
6 
(29) 
(30) 
(13) 
(11) 
(12) 
( 2) 
( 3) 
Total 49 (100) 106 (100) 217 (100) 
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Table VIII.3: Mortality rates per HTI-ISS subgroup and mortality rates for 
patients with severe CNS injury (HTI-CNS = 5) for group I 
patients in the three hospital categories 
HTI-ISS 
subgroup 
18-24 
25-32 
33-38 
41-48 
50-59 
66 
75 
Patients with 
HTI-CNS = 5 
n/N 
0/4 
1/10 
4/7 
1/8 
7/12 
6/6 
2/2 
14/17 
A 
( 0) 
(10) 
(57) 
(13) 
(58) 
(100) 
(100) 
(82) 
Hospital 
n/N 
1/19 
14/33 
7/20 
4/12 
11/17 
4/4 
1/1 
36/51 
Category 
В 
( 5) 
(42) 
(35) 
(33) 
(64) 
(100) 
(100) 
(71) 
n/N 
2/62 
11/66 
9/29 
4/24 
15/26 
1/4 
5/6 
40/72 
С 
( 3) 
(17) 
(31) 
(17) 
(58) 
(25) 
(83) 
(56) 
η: number of deaths 
N: number of admitted patients with HTI-ISS >^  18 
and lower than expected for category С hospitals. These differences were 
also not statistically significant. Further logistic regression analysis 
with as additional variable the hospital category showed that the 
differences in mortality rates between category A and B, and between A and 
С hospitals could be explained by differences in the initial prognostic 
factors (p > 0.1; Chi-square test). However only 10% of the 18% difference 
in actual mortality rate for group I patients between category В and С 
hospitals could be explained by differences in the initial factors 
(Table VIII.4: group I patients; actual mortality rate category В - actual 
mortality rate category C= 18%; expected mortality rate category В -
expected mortality rate category С = 10%). The remaining 8% difference 
was still statistically significant (p < 0.001; Chi-square test). This was 
consistent for both patient groups. 
The expected mortality rate for group I patients was significantly lower 
(p = 0.02; Chi-square test) for category С hosoitals than for both the other 
hospital categories. This can, in part, be explained by the bias introduced 
by not registrating in category A and В hospitals all patients with an 
HTI-ISS of 18-24 ooints. 
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Table VI 11.4: The actual and the expected mortality rates (%) for the three 
hospital categories 
Group I 
Group II 
Group la 
Group H a 
A 
Act 
43 
38 
47 
41 
Hospital 
Exp Act 
39 
39 
42 
43 
40 
43 
47 
50 
Category 
В 
Exp 
35 
38 
40 
43 
С 
Act 
22 
25 
29 
32 
Exp 
25 
29 
32 
36 
P-value 
between 
A 
-0.7 
+0.8 
-0.5 
+0.8 
difference 
Act and Exp 
В С 
-0.3 +0.3 
-0.2 +0.1 
-0.2 +0.4 
-0.2 -0.2 
Group I : Trauma patients, admitted directly from the scene of accident 
and totally cared for in that participating hospital 
Group II : All admitted trauma patients 
Group la : As Group I, but only those patients with HTI-ISS j> 25 
Group H a : As Group II, but only those patients with HTI-ISS >^  25 
Act: Actual mortality rate 
Exp: Expected mortality rate as derived by the logistic regression model 
Although data are presented as mortality rates, statistical analysis was 
performed using the Chi-square test on the difference between the actual 
and the expected number of deaths within each hospital category. Ρ values 
< 0.05 represent statistical significance. The sign before the ρ value is 
positive when the actual mortality is lower than expected, and negative 
when the actual mortality is higher than expected. 
No significant difference in expected mortality was found when this subgroup 
of patients was excluded (p > 0.1; Chi-square test). Further for patients 
with an HTI-ISS of 25 points or higher, the difference in the actual mortality 
rate between category В and С hospitals could not be explained as resulting 
from differences in prognostic factors (p < 0.02; Chi-square test). 
Mean HTI-ISS: The mean HTI-ISS for fatalities was higher in category A 
hospitals than in both the other categories (Table VIII.5). With the 
exception of the difference of the mean HTI-ISS for group I fatalities 
(which also includes CNS deaths) between category A and В hospitals, these 
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Table VI 11.5: Comparison of the mean HTI-ISS of fatalities for the different 
patient groups between the three hospital categories 
Hospital Category 
A B C 
Group l a 5 0 + 1 8 4 1 + 1 5 43 + 18 
b 54 + 13 47 + 16 50 + 19 
Group I I a 47 + 19 41 + 1 5 45 + 17 
b 5 4 + 1 4 50 + 14 53 + 17 
P-value 
A-B A-C B-C 
0.02 0.07 0.7 
0.2 0.7 0.5 
0.06 0.4 0.1 
0.4 0.9 0.4 
Data are presented as mean + SD. 
Group I a: Trauma fatalities, admitted directly from the scene of accident 
and totally cared for in that participating hospitals 
b: As above, but only for non-CNS deaths 
Group II a: All trauma deaths 
b: As above, but only for non-CNS deaths 
Statistical analysis was performed using the Mann-Whitney U test. 
P-values < 0.05 represent statistical significance 
differences were not statistically significant. However, when all directly 
admitted patients (thus also patients transferred to another hospital) 
were included into the analysis, no statistically significant difference 
could be demonstrated (p > 0.1; Kruskal-Wallis K-sample test). When only 
non-CNS deaths were analyzed, no significant differences in the mean HTI-
ISS of fatalities could be found. 
Causes of death: Causes of death in the different hospital categories 
are presented in Table VIII.6. A marked difference was found between 
category A and the two other hospital categories. Though death from CNS 
injury was the most important cause of death in the category В and С 
hospitals, hemorrhage was the primary cause of death in category A hospitals. 
Hemorrhagic deaths occurred significantly more frequent in category A hospitals 
than in both the other hospital categories (p < 0.01; Chi-square test). The 
mean HTI-ISS for patients dying from hemorrhage in both groups of patients 
did not differ significantly (p > 0.1; Kruskal-Wallis K-sample test). 
When the data on CNS deaths were analyzed, it was found that the mean 
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Table ІІІ.б: Causes of death in the different hospital categories and the mean HTI-ISS of several causes 
of death 
Cause of death 
GrouD I 
Hospital Category 
** 
No. ( Ж ) HTI-ISS 
В 
No.(%) HTI-ISS 
„*** 
No.(%) HTI-ISS 
CNS 
Airway obstruction 
Tension pneumothorax 
Cardiac tamponade 
Hemorrhage 
Respiratory insuffici 
MOF/sepsis 
Pulmonary embolism 
Other 
Total 
ency 
3 (14) 
" 
13 (61) 
2 (10) 
1 ( 5) 
2 (10) 
21 (100) 
55 
-
-
+ 
-
12 
24 (58) 
_ 
8 (19) 
3 ( 7) 
6 (14) 
1 ( 2) 
42(100) 
38 + 13 
_ 
55 + 11 
41 + 18 
-
25 (58) 
1 ( 2) 
13 (28) 
6 (13) 
1 ( 2) 
1 ( 2) 
47 (100) 
40 + 13 
_ 
62 + 12 
35 + 13 
-
Group II 
Cause of death Hospital Category 
A B C 
No.(%) HTI-ISS No.(%) HTI-ISS No.(%) HTI-ISS 
CNS 
Airway obstruction 
Tension pneumothorax 
Cardiac tamponade 
Hemorrhage 
Respiratory insuffi ci 
MOF/sepsis 
Pulmonary embolism 
Other 
Total 
ency 
7 (28) 
_ 
13 (52) 
2 ( 8) 
1 ( 4) 
2 ( 8) 
25 (100) 
42 
55 
+ 
_ 
+ 
-
19 
12 
39 (60) 
-
13 (20) 
3 ( 5) 
8 (12) 
2 ( 3) 
65 (100) 
35 + 12 
~ 
56 + 10 
36 + 16 
-
52 
1 
1 
1 
20 
1 
8 
1 
2 
(60) 
( i) 
( i) 
( i) 
(23) 
( i) 
( 9) 
( i) 
( 3) 
87(100) 
41 + 13 
-
62 + 13 
3 1 + 9 
-
Group I : Trauma fatalities, admitted directly from the scene of accident 
and totally cared for in that participating hospital 
Group II: All admitted trauma fatalities 
- : too few patients to calculate a mean HTI-ISS 
No therapy instituted in 4 patients, due to the assumed fatal prognosis 
as assessed on admission (3 had severe CNS injury) 
Idem in 9 patients (all had severe CNS injury) 
*** Idem in 5 patients (3 had severe CNS injury) 
*» 
Table VI 11.7: Analysis of group I non-CNS deaths by the modified West method 
Number of patients 
Age (mean + SD) 
HTI-ISS (mean + SD) 
Hemorrhagic death (%) 
Laparotomy and/or 
thoracotomy in 
hemorrhagic deaths (%) 
Death within 6 hours (%) 
A 
18 
52 + 26 
54 + 14 
13 (72) 
2 (15) 
13 (72) 
Hosp i tal category 
В 
18 
50 + 23 
47 + 16 
8 (44) 
3 (34) 
6 (35) 
С 
22 
49 + 25 
50 + 19 
13 (58) 
6 (46) 
10 (45) 
HTI-ISS of group I deaths did not differ between the category В and С 
hospitals (p > 0.1; Mann-Whitney U test). However, the mean HTI-ISS for 
group II CNS deaths was significantly lower in category В hospitals than 
in category С hospitals (p < 0.01; Mann-Whitney U test). No significant 
difference was found between category A and the other hospital categories 
(p > 0.1; Mann-Whitney U test). 
The mean HTI-ISS for patients dying from MOF/sepsis did not differ between 
the category В and С hospitals in both patient groups (p > 0.1; Mann-
Whitney U test). For category A, analysis of the mean HTI-ISS was not 
possible as there were too few patients who died as result of MOF/sepsis. 
Modified West method: Directly admitted (group I) non-CNS deaths were 
further analyzed using the modified West method. As is shown in Table 
VI11.7, no difference was found for the mean age and the mean HTI-ISS of 
the fatalities in the three hospital categories (p > 0.1; Kruskal-Wallis 
K-sample test). Hemorrhagic deaths occurred more frequently in category A 
hospitals, as was earlier demonstrated. Emergency laparotomy and/or 
thoracotomy was performed in less than 50% of patients dying from hemorrhage. 
Most patients were operated upon in category С hospitals and least in 
category A hospitals, but this difference was not statistically significant 
(p > 0.1; Chi-square test). More than 70% of the non-CNS deaths in category 
A hospitals died within six hours of admission, as compared to 33% and 45% 
in category В and С hospitals respectively. The difference between category 
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A and В hospitals is almost statistically significant (p = 0.06; Fisher 
exact test). 
VIII. 4 Dis crus sion 
In order to make a valid comparison between series of trauma patients, 
the criteria for inclusion in the study must be standardized. As the criteria 
for admission can differ between hospitals, we included only severely 
injured patients (HTI-ISS >^  18). All such patients will be admitted to any 
hospital. As the results are quite similar for groups I and II patients, 
only the results of group I patients will be discussed. 
For group I patients, a similar distribution of HTI-ISS would be expected 
in all 3 hospital categories, as patients in The Netherlands are, in general, 
transported to the nearest hospital. However, Table VIII.2 shows that 
significantly fewer patients within the HTI-ISS subgroup 18-24 points were 
admitted to category A and В hospitals as compared with category С This 
further resulted in a significantly lower expected mortality for category 
С hospitals. Moreover, when this subgroup was excluded from analysis this 
difference disappeared. As it is not logical to assume that patients with 
those HTI-ISS scores were preferentially transported to university hospitals, 
it is most likely that this resulted from a bias in the patient registration. 
Even though the author randomly checked to ascertain if indeed all patients 
who met this criterion, were included in the study, this bias can also be 
concluded from the following fact. During the study period, the coordinating 
surgeon in one of the participating hospitals could not perform the study 
for half a year. During this period the author, in cooperation with a surgical 
resident, registrated the patients. In the sample registrated by the author, 
25% of patients had an HTI-ISS of 18-24 points, as compared to 10% in the 
sample registrated by the coordinating surgeon. The difference between 
category С and the other two hospital categories is of this magnitude. 
A lower actual mortality rate than expected was found in category С 
hospitals. In both other hospital categories, the actual mortality rate was 
higher than predicted. The difference in mortality rate between category В 
and С hospitals could not be explained solely on the basis of differences 
in initial prognostic factors. It may be the result of differences in 
management or in variables influencing the outcome not included in the 
prediction model. The latter is difficult to estimate. It is known, that 
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this factor may be important when there is a preponderance of patients 
with severe CNS injury in one hospital category. BRAAKMAN et al (36) 
showed that the GCS alone can not accurately predict the outcome in patients 
with severe CNS injury. The most important other factors were age and 
pupillary reactions to light. We did not use pupillary reaction to light in 
our selection of prognostic factors, as this was not included in the 
recorded data. This might possibly explain, in part, the difference in 
mortality rates, as severe CNS injuries were significantly more frequent 
in category В hospitals than in category С hospitals (48% vs 33%: ρ < 0.01; 
Chi-square test). The importance of the differences in management will be 
discussed further on. 
The mean HTI-ISS of fatalities did not significantly differ between 
hospital categories, except between category A and В hospitals for all 
group I patients. Although in the literature it is suggested (24,43,256, 
259) that therefore one can conclude that care does not differ, we can not 
share this conclusion for several reasons: 
1) the mean HTI-ISS of fatalities does not tell anything about the survivors; 
when a significant number of patients with an high HTI-ISS survive, the 
mean HTI-ISS of fatalities will decrease. Thus, better care could result 
in a lower mean HTI-ISS of fatalities. Also, KREIS et al (143) showed in 
their study that the mean ISS did not differ between preventable deaths and 
nonpreventable deaths, thus suggesting that the ISS alone cannot be used to 
distinguish inadequate care. 
2) other important prognostic factors are not included in this analysis. 
3) such data do not take differences in the cause of death into account. 
Analysis of the cause of death may offer important additional information 
as to the quality of trauma care. Such analysis was seriously hampered by 
the low autopsy rate. Only 30 fatalities (18%) were autopsied; 10 in 
category A hospitals, 7 in category В hospitals and 13 in category С hospitals. 
Therefore the clinical cause of death had to be accepted in most cases. 
CNS injury accounted for about 60% of the deaths in category В and С 
hospitals and is less than half that in category A hospitals. This is in 
the same range as in the series of BAKER et al and GILR0Y (9,103). TRUNKEY 
(143) stated that with appropriate trauma care the CNS/non-CNS death rate 
would be as much as 75/25 and inverse with inappropriate trauma care. From 
this point of view, care in category В and С hospitals can be regarded as 
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more appropriate than that in category A hospitals. 
Death from local complicating factors seldomly occurred. One patient, 
directly admitted to a category С hospital, died from tension pneumothorax 
that was detected at autopsy. One patient, referred to a category С hospital, 
died from the ischemic consequences of a cardiac tamponade that was not 
detected in the referring hospital, but was operated upon immediately 
after admission to the category С hospital. One patient, referred to a 
category С hospital, died from an obstruction of a tracheostoma later on 
during the hospitalization phase. 
Death from hemorrhage occurred only in a minority of patients in category 
В and С hospitals, but was the main cause of death in category A hospitals. 
This difference was statistically significant. The shortest possible interval 
between injury and definitive treatment offers these patients the best chance 
of survival. In spite of appropriate care, these patients might however 
die later on as a result of the concomitant CNS injury or from complications 
such as MOF and sepsis (9,102,256). 
The incidence of MOF/sepsis did not differ between the hospital categories. 
With the modified West method it was shown that hemorrhagic death without 
laparotomy and/or thoracotomy to stop the bleeding occurred in all hospital 
categories, but most frequently in category A hospitals. Moreover, most 
patients died within 6 hours in category A hospitals, but less than 50% 
did so in category В and С hospitals. 
These analysis results suggest that care in category A hospitals is less 
aggressive than in category С hospitals. The results for category В 
hospitals, however, could give rise to conflicting conclusions. Though 
analysis with logistic regression analysis may indicate less appropriate 
care in category В hospitals compared to category С hospitals/analysis of 
the cause of death and the modified West method indicate that aggressive 
care occurred in both hospital categories. However, from these two methods 
of analysis no conclusions can be made as to the management of patients 
with severe CNS injury. No aggressive investigation and therapy was 
instituted due to the assumed fatal prognosis in 18% (9/51) of these 
patients in category В hospitals as compared to 4.2% (3/72) in category С 
hospitals. However, the long term outcome for survivors with severe CNS 
injury in category С hospitals was better (though not significant) than in 
category В hospitals (data not presented in the results). It might be concluded 
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that category В hospitals had a less aggressive approach than category С 
hospitals for the patient with severe CNS injury, resulting in a highermorta-
lity but in a similar morbidity. This might be the result of a difference in 
effectiveness of management, or again in a difference in prognostic factors, 
not reflected in a lower GCS or higher HTI-ISS. With the present analysis, 
no definitive conclusion is possible as to this matter. Further study is 
needed to answer this question. 
VJJJ. 5 Сопаіиеъоп 
Taking all these analyses into consideration, the data suggest that the 
differences in the mortality rates may be explained in part by registration 
failure, by variations in patient population characteristics and by 
discrepancies in management. 
Differences in the cause of death, in the incidence of emergency operation 
and time of death, all suggest that the management for the trauma patient is 
less aggressive in category A hospitals than in both the other hospital 
categories. Some results give rise to the question whether care for the 
patient with severe CNS injury is less aggressive in category В hospitals 
than in category С hospitals. However this requires further investigation. 
Although these quantitative methods may provide an indication of quality 
of trauma care, we will not draw definite conclusions from these studies 
because of the many limitations and pitfalls of the various methods. In 
analyzing quality of trauma care, they should only serve as screening tools 
and should be used in addition to preventable death studies to formulate 
the definitive conclusions. 
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Chapter IX 
PREVENTABLE TRAUMA DEATHS 
IX.1 Introduotion 
Since the classical study of VAN WAGONER (254), published in 1961, many 
studies have reported inappropriate trauma care in various countries (68,75, 
103,111,143,191,256). Deaths from trauma have been identified which under 
ideal conditions might have been preventable. To evaluate preventable 
death we reviewed all the fatalities during the study period occurring 
in the participating hospitals. 
IX. 2 Materials and methods 
The standardized computer file of each fatality was summarized by the 
author. This summary was independently reviewed by a panel of five surgeons 
trained in trauma. The criteria used by the panel members in establishing 
whether or not a trauma death was preventable were standardized as answers 
to the following questions: 
1. Were there any management errors? If so, what type(s) of management 
error occurred? 
2. Could the cause of death (possibly) be prevented if no error(s) in 
management had been made? (If so, this will be referred to as a 
preventable Class I death). 
3. Did the management error(s) (possibly) affect the outcome of the patient? 
(If so, this will be referred to as preventable Class II death). 
The difference between a Class I and Class II death can be illustrated by 
the following case. A patient with a ruptured spleen and a severe Central 
Nervous System (CNS) injury, confirmed by CT-scanning, dies from hemorrhage. 
The diagnosis splenic rupture was not made during life and laparotomy 
was not performed. Thus in answer to the first question, it is obvious that 
there has been a management error. It is also obvious that this cause of 
death, hemorrhage, might have been prevented by proper management (preventable 
Class I death). However, regarding the CNS injury, the outcome might have 
been the same whatever the management might have been (therefore, non-
preventable Class II death). Classifying a case as preventable Class I death 
127 
implies only that death from that particular cause of death, at that time, 
was preventable. It does not tell whether in the long run the patient 
would have lived had the management errors not been made. However, 
preventable Class II death indicates that the panel expected that the 
patient would have survived had the management errors not been made. 
The independent opinions were collected separately by the author. A 
management error was said to have occurred, when at least four panel 
members concluded that the same type of management error had been made. 
A case was classified as definitely preventable (for Class I as well as 
Class II death), when at least four panel members so classified it. 
When less than four members of the panel classified the case as definitely 
preventable death, but at least four reviewers classified that case as a 
definitely or a possibly preventable death, it was classified as possibly 
preventable death. All other cases were classified as nonpreventable. If a 
member of the panel felt that insufficient data were available to assess 
a case adequately, that member's opinion was classified as 'no management 
error' and thus as nonpreventable death. 
Analysis was performed by comparing the results in the different categories 
of hospitals as defined in Chapter VI.2. In summary: category A includes 
five general hospitals without neurosurgical department; category В 
includes three general hospitals with a neurosurgical department; and 
category С includes four university hospitals. 
Patients were divided into two groups for further analysis: Group I 
includes only those fatalities directly admitted from the scene of accident 
and totally cared for in that specific hospital. Group II includes all 
admitted fatalities. Furthermore, analysis was performed for all fatalities 
as well as separately for the subgroup of non-CNS deaths. 
The consistency of the panel members' classification was tested by 
reviewing ten cases a second time after a time interval of at least three 
months. The panel members had no knowledge of this part of the study. 
The agreement between each panel members' classification was tested as well 
as the agreement with the other four panel members. The agreement between the 
panel members was analyzed using kappa statistics (88). Further analysis was 
performed to determine if exclusion of one of the kappa values of a panel 
member would improve the average kappa. 
A separate analysis was performed for the fatalities with an HTI-ISS of 
128 
Table IX.1: Kappa values per observer and type of management error 
Management error Observer 
А В С D E Average 
Investigation 
Treatment 
Delayed investigation 
Delayed treatment 
Other 
0.48 
0.48 
0.76 
0.53 
0.58 
0.48 
0.56 
0.71 
0.56 
0.74 
0.50 
0.60 
0.76 
0.54 
0.74 
0.53 
0.59 
0.67 
0.52 
0.74 
0.51 
0.55 
0.64 
0.58 
0.75 
0.50 
0.56 
0.71 
0.55 
0.70 
18 points or less. The data on these patients were retrospectively collected. 
These fatalities will be discussed in IX.3.6. 
For comparison between the hospital categories, the Mann-Whitney U test 
and the Chi-square test were used, where appropriate. Ρ values < 0.05 were 
considered to indicate statistical significance. For the relative strength 
of the kappa value, the guidelines as proposed by LANDIS and KOCH (146) were 
used. 
IX. S Results 
IX.3.1 Observer agreement 
Inter-observer agreement 
The kappa values for the inter-observer agreement for the different types 
of management errors are shown in Table IX.1. The kappa values range between 
0.48 and 0.76, representing moderate to substantial agreement according to 
LANDIS and KOCH (146). It could be shown, that the overall kappa values 
would never improve by excluding one of the observers from analysis, with 
the exception of observer A in the treatment error group. 
For the Class I deaths, the kappa values range from 0.38-0.43. The average 
kappa value of 0.41 would not be improved by excluding one of the observers. 
The average kappa value for the Class II deaths was 0.39 (range 0.35-
0.42). Also this average kappa statistic would not be improved by excluding 
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Table IX.2: Intra-observer agreement for 10 patients per observer and 
evaluation item 
Evaluation item 
Management error 
Class I death 
Class II death 
A 
9/10 
9/10 
7/10 
В 
10/10 
8/10 
10/10 
Observer 
С 
6/10 
6/10 
6/10 
D 
10/10 
5/10 
8/10 
E 
9/10 
5/10 
4/10 
Total («) 
44/50 (88) 
35/50 (66) 
35/50 (70) 
one of the panel members. 
Intra-оЪзег ег agreement 
In 44 (88%) of the 50 (5 times 10) cases, the panel members were consistent 
as to the (type of) management error. Only one panel member was consistent 
in less than 9 cases (Table IX.2) The panel classification as to whether 
management errors had occurred did not change for the 10 patients. 
In 33 (66%) of the 50 cases, the panel members were consistent in 
classifying Class I death (Table IX.2). The panel classification of Class I 
death was consistent in 7 of the 10 patients. Two cases, first classified 
as possibly preventable, were later classified as nonpreventable, and one 
case, first classified as definitely preventable, was later classified as 
nonpreventable. 
In 35 (70%) of the 50 cases, the panel members were consistent in 
classifying Class II death. The panel classification was consistent in 8 
of the 10 cases. Two cases, first classified as possibly preventable, were 
later classified as nonpreventable. 
IX.3.2 Management errors 
In 67 (38%) of the 177 (5 patients were classified twice as they were 
transported between participating hospitals) fatalities, 95 management errors 
were made in total. There were significantly more patients with management 
errors in the category A hospitals than in both the other categories. This 
is shown in Table IX.3. This finding was consistent for both groups of 
fatalities. 
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Table IX.3: Management errors in the three different categories of 
hospitals for the two groups of patients 
Hospital Category 
A (%) В (%) С (%) Total {%) 
P-value 
A-B Α-C B-C 
Group I 15/21(71) 15/42(36) 19/47(40) 49/110(45) 
Group II 18/25(72) 19/65(29) 30/87(34) 67/177(38) 
0.016 0.03 0.8 
0.0006 0.002 0.6 
Group I : trauma fatalities, directly admitted from the scene of accident 
and totally cared for in that participating hospital 
Group II: all trauma fatalities 
Statistical analysis is performed by Chi-square analysis (p < 0.05 is 
regarded as statistically significant) 
Treatment failures were more than twice as frequent as failures in 
investigation. There was no difference between the different hospital 
categories with regard to the incidence of the different types of management 
errors, as is shown in Table IX.4. 
Table IX.4: Incidence of types of management failures in в? Group II trauma 
fatalities in the three different categories of hospitals 
Management error 
Investigation 
Treatment 
Delayed investigation 
Delayed treatment 
Other 
Total 
In number of patients 
A 
8 
15 
0 
2 
1 
26 
18 
Hospi 
{%) 
(31) 
(57) 
( 0) 
( 7) 
( 4) 
(100) 
tal Category 
В 
2 
11 
1 
11 
1 
26 
19 
{%) 
( 7) 
(42) 
( 4) 
(42) 
( 4) 
(100) 
С 
8 
19 
4 
9 
3 
43 
30 
{%) 
(19) 
(44) 
( 9) 
(21) 
( 7) 
(100) 
Total (%) 
18 (19) 
45 (47) 
5 ( 5) 
22 (24) 
5 ( 5) 
95 (100) 
67 
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IX.3.3 Preventable Class I death 
In the group I fatalities, 32 (29%) (possibly and definitely) preventable 
Class I deaths were identified. However, for the group non-CNS deaths, 23 
(40%) out of 58 fatalities were identified as preventable Class I deaths. 
Of the 52 CNS deaths, 9 (17%) were classified by the panel as preventable 
death. 
There were significantly more preventable deaths in category A hospitals 
than in category В and С hospitals. No statistically significant difference 
was found between category В and С hospitals (Table IX.5). In non-CNS 
deaths, the preventable death rate was 61% in category A hospitals, 28% 
in category В hospitals, and 32% in category С hospitals. The difference 
between category A and category В and С hospitals was nearly statistically 
significant (p = 0.05; Mann-Whitney U test). These differences in preventable 
mortality rates were consistent for both fatality groups. 
The causes for the preventable group I non-CNS deaths included: 
no surgical procedure, 14; delay before surgery, 5; missed 
diagnosis, 6; inadequate respiratory treatment, 5; and inadequate shock 
treatment, 6. The most frequent preventable causes of death in this group 
of fatalities were hemorrhage (16; 11 intra-abdominal and 5 intrathoracal) 
and MOF/sepsis (5). 
IX.3.4 Preventable Class II death 
In the group I fatalities, 29 (26%) preventable Class II deaths out of 
the 110 fatalities were identified by the panel. From these, 22 (38%) 
occurred in 58 non-CNS deaths and 7 (13%) in 52 CNS deaths. 
There were significantly more preventable deaths in category A hospitals 
(57%), than in either category В (17%) or category С (21%) hospitals. The 
difference between category В and С hospitals was not statistically 
significant. This difference in preventable Class II death rate occurred 
in both groups of patients, as shown in Table IX.6. 
In the non-CNS trauma deaths, the preventable death rate was 61% in the 
category A hospitals, 22% in category В hospitals and 32% in category С 
hospitals. Though the difference between category A and В hospitals was 
statistically significant, the difference between category A and С hospitals 
was not statistically significant. 
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Table IX.5: Preventable Class I death in the three categories of hospitals for different groups of patients 
Hospital Category 
А В С 
P.P. (%) O.P. (%) P.P. (%) O.P. (%) P.P. (%) O.P. (%) 
Group I a 9/21 (43) 3/21 (14) 7/42 (17) 1/42 (2) 10/47 (21) 2/47 (4) 
b 9/18 (50) 2/18 (11) 4/18 (22) 1/18 (6) 6/22 (27) 1/22 (5) 
Group II a 10/25 (40) 3/25 (12) 9/65 (14) 1/65 (2) 18/87 (21) 3/87 (3) 
b 9/18 (50) 2/18 (11) 5/26 (19) 1/26 (4) 12/35 (33) 2/35 (6) 
P-value 
A-B Α-C B-C 
0.002 0.01 0.5 
0.05 0.05 0.8 
0.0003 0.006 0.2 
0.01 0.1 0.2 
Group I a : trauma fatalities, directly admitted from the scene of accident and totally cared for in that 
participating hospital 
I b : also, but only non-CNS deaths 
Group II a: all trauma fatalities 
II b: only non-CNS deaths 
P.P.: possibly preventable death 
D.P.: definitely preventable death 
S t a t i s t i c a l analysis was performed using the Mann-Whitney U test (p-values < 0.05 represent s t a t i s t i c a l 
s ign i f icance). 
Table IX.6: Preventable Class II death in the three categories of hospitals for different groups of fatalities 
Hospital Category 
A B C 
P.P. (%) D.P. (%) P.P. {%) D.P. (%) P.P. (%) D.P. (X) 
Group I a 12/21 (57) 0/21 (0) 7/42 (17) 0/42 (0) 9/47 (19) 1/47 (2) 
b 11/18 (61) 0/18 (0) 4/18 (22) 0/18 (0) 6/22 (27) 1/22 (5) 
Group II a 12/25 (48) 0/25 (0) 9/65 (14) 0/65 (0) 15/87 (17) 2/87 (2) 
II b 11/18 (61) 0/18 (0) 5/26 (19) 0/26 (0) 10/35 (28) 2/35 (6) 
P-value 
A-B A-C B-C 
0.001 0.005 0.6 
0.02 0.1 0.5 
0.0007 0.006 0.3 
0.005 0.09 0.2 
Group I a: trauma fatalities, directly admitted from the scene of accident and totally cared for in that 
participating hospital 
I b: also, but only non-CNS deaths 
Group II a: all trauma fatalities 
II b: only non-CNS deaths 
P.P.: possibly preventable death 
D.P.: definitely preventable death 
Statistical analysis was performed using the Mann-Whitney U test (p-values < 0.05 represent statistical 
significance). 
IX.3.5 Preventable death due to management errors in referring hospitals 
Of the 177 fatalities, 54 were referred from not participating hospitals. 
In 26 (48%) of these patients, the panel identified 41 management errors 
made in the referring hospitals. These management errors included 
investigational errors in 9%, treatment failures in 63%, and delay in 
transportation in 28%. 
Of the 54 fatalities, 15 (28%) were classified as a preventable Class I 
death due to management errors in the referring hospitals; 12 were judged 
possibly preventable and 3 definitely preventable. The same 15 cases were 
also classified as preventable Class II deaths; 13 were judged possibly 
preventable and 2 as definitely preventable. 
In the 21 non-CNS deaths, management errors occurred in 71%. Preventable 
Class I death was identified in 9 (43%) patients, 6 were judged possibly 
preventable and 3 definitely preventable. These 9 patients were also 
classified as preventable Class II deaths, 7 were judged possibly 
preventable and 2 as definitely preventable. 
IX.3.6 Preventable death in fatalities with an HTI-ISS of less than 18 points 
There were 5 fatalities with an HTI-ISS of less than 18 points, 2 in 
category A hospitals and 3 in category С hospitals. In one of the fatalities 
in category A hospitals, 2 management errors had been made. This death was 
classified as possibly preventable Class I and Class II death. Also in 
one fatality out of the 3 fatalities in category С hospitals, a management 
error had been made. This case was classified as nonpreventable death. 
IX. 4 D-isausa-ion 
For trauma death studies, WEST (257) developed the so called Autopsy 
Method. This method is based on data obtained from death certificates, 
coroner's reports, and autopsies. However, the medical and political 
community did not accept this method, reasoning that the lack of hospital 
data invalidated this method. In response, WEST (258) undertook a second 
study, using data from hospital records as well as from autopsies and 
compared the results with the results obtained by the autopsy method. All 
deaths judged preventable by the autopsy method were also judged preventable 
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by the method using hospital records. As autopsy is not routinely performed 
in The Netherlands (in this series of fatalities, the autopsy rate was 18%), 
the autopsy method can not be used. We used the other method, the so called 
Hospital Record Method, using data from hospital records as well as 
autopsy reports, when available. 
A common procedure in evaluation of trauma care is death analysis by 
panel consensus to identify preventable death (143,152,191,256). The 
criteria used to define panel consensus for management error and preventable 
death was chosen in such a way that the treating facility receives the 
benefit of the doubt. The inter-observer agreement for identifying 
management errors was substantial. Inter-observer agreement for Class I 
and Class II death was much lower. There are two reasons to explain this. 
Firstly, agreement analysis as to the type of management errors had two 
variables: present or absent. However, the preventable death analysis was 
performed for three categories of death: nonpreventable, possibly preventable 
and definitely preventable. Secondly, although the panel members might 
agree as to the management error, the effect of this management error on 
cause of death introduces another subjective interpretation; thus, by 
consequence, lowering the inter-observer agreement. Such an explanation 
can also be concluded from the intra-observer agreement, which is high for 
management errors, but only fair to moderate for Class I and Class II deaths. 
However, from this moderate inter-observer agreement, it may be concluded 
that the criteria used to define panel consensus in this study do indeed 
give the benefit of the doubt to the treating facility. 
As was stated above, the panel members were very consistent in identifying 
management errors, when reviewing the same case a second time. However, there 
was less consistency in deciding whether the death was preventable. Using the 
criteria as indicated to define consensus, three of the 10 cases were not in 
agreement for Class I death, and two of these 10 cases for Class II death. 
However, if the criteria had been 'consensus of three panel members', all 
cases would have had the same classification. This illustrates again that 
the criteria used give the benefit of the doubt to the caring facilities. 
Had the criterion 'consensus of three panel members' been used, not 44 (25%) 
of the 177 fatalities, but 54 (32%) would have been classified as preventable 
Class I death. For Class II death, instead of 38 (22%), 49 (28%) fatalities 
would have been classified as preventable death. 
We decided to make two different classes of death. Class I death concerns 
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especially the effect of management errors. Class II death concerns the 
possible reduction in mortality, which actually could have been achieved. 
Management errors were identified in 38% of the fatalities. This is in 
agreement with the reported rates of management errors in fatalities, 
which range from 35 to 64% (75,103,184). Treatment failures were at least 
twice as frequent as investigational failures, just as is reported in 
the literature (75,184). The preventable Class I death rate was 25% for the 
total group, and 39% for the non-CNS deaths, which is in complete agreement 
with the literature (see Table II1.2). The present study shows that 
preventable in-hospital trauma death is more common in category A hospitals 
than in either category В or С hospitals. Although this difference is not 
always statistically significant when the non-CNS death group is considered 
separately, the fact that the preventable mortality rates are the same 
indicate the same tendency. There was never a significant difference between 
category В and С hospitals. 
The main cause of preventable Class I non-CNS death was the failure to 
operate (or the delay in such an operation) for patients who had a severe 
hemorrhage on arrival. This was also the primary cause of preventable death 
in the literature (18,42,103,143,152,184,191,256,259). The results reinforce 
the importance of adequate blood volume replacement with early transfusion 
of blood and the need to be highly suspicious of intrathoracic, intra­
abdominal and retroperitoneal injuries. Hypotension should not be attributed 
to the often concomitant CNS injury, and the source of hemorrhage should 
be sought with more aggressive diagnostic procedures such as peritoneal 
lavage or mini-laparotomy (76). Furthermore, the results reinforce the need 
for the early establishment of an adequate airway and optimal ventilation. 
For Class II death, the same preventable mortality rates were found. 
Comparison between the hospital categories was also similar to the Class I 
deaths. 
This preventable Class II mortality rate can be used for estimating the 
national reduction in in-hospital mortality from trauma had no management 
errors been made. In the participating hospitals, yearly about 10% of the 
total number of in-hospital trauma deaths in The Netherlands occur (data 
from S IG). When it is assumed that preventable mortality rate will be of 
the same order in the other Dutch hospitals, the number of (possibly and 
definitely) preventable deaths can be estimated to be about 400 patients. 
Management errors occurred more frequently in referring hospitals. 
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Twenty-eight per cent of the fatalities was classified as preventable 
Class I death (43% in non-CNS death), and also 28% was classified as 
preventable Class II death. Although these results may look quite similar 
to the results of the participating hospitals, one should be aware of the 
fact that several of these cases were classified as not being a 'management 
error' due to insufficient data from the referring hospital. Thus this 
preventable mortality rate may understate the real preventable mortality 
rate. 
From these results, we conclude that management errors and preventable 
death are a general phenomenon occurring in any hospital. However, they 
occur more frequently in general hospitals without a neurosurgical 
department than in general hospitals with a neurosurgical department and 
university hospitals. As all the surgical (and other) staffs in the 
participating hospitals were especially trained and interested in trauma, 
the results may even be more disquieting for hospitals lacking a medical 
staff especially interested and trained in trauma. 
Many authors have recommended that, whenever possible, severely 
injured patients should be managed by a team with expertise in the 
management of major trauma with the availability of adequate diagnostic 
and therapeutic equipment (17,32,243,248). This can only be achieved 
by the regionalization and categorization of trauma care (79,143,243,248, 
259). The impact of regionalization has been irrefutably proven by CALES 
(42) and WEST et al (259) for Orange County and SHACKFORD et al (223) for 
San Diego. CALES demonstrated that in Orange County after the introdcution 
of a trauma system, which included the designation of five stategically 
located trauma centers, the preventable death rate dropped from 34% to 15% 
(p < 0.002). For non-CNS deaths it dropped from 86% to 40%. WEST et al 
(259) found the same results. SHACKFORD et al (223) showed that before the 
implementation of a trauma system in San Diego, inappropriate care occurred 
in 32% of the admitted patients, compared to 4.2% after implementation. 
Preventable deaths occurred in 13.6% before and in 2.7% after implementation 
of the trauma system. 
We believe that the above mentioned results strongly support a system of 
triage for severely injured patients to hospitals where the expertise and 
equipment for appropriate management of these patients is immediately 
available. 
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Chapter Χ 
EVALUATION OF THE CARE FOR THE PATIENT WITH A 
SEVERE CENTRAL NERVOUS SYSTEM (CNS) INJURY 
X.1 Introduction 
Evaluation of medical care can be performed using the generally accepted 
criteria for appropriate care (45). Guidelines for the management of 
severely injured CNS patients were formulated by a group of neurosurgeons 
in the United Kingdom (114) as well as during a consensus development 
conference in The Netherlands (3). The point of departure for the 
guidelines formulated by the latter was that such a management begins 
with the direct transport of these patients to hospitals especially equipped 
for the care for severe CNS injury. The main objective of the management 
should be to prevent secondary brain damage by prompt diagnosis and 
treatment. Guidelines, drawn up for both diagnostic and therapeutic 
management, were formulated in such a way that detailed plans for different 
local situations could be developed. 
The aim of this study was to evaluate the care for the patient with severe 
CNS injury in accordance with some of the main guidelines developed at the 
consensus conference. This study partly was conducted on patients admitted 
in a period before the guidelines were published. 
X.2 Patients and methods 
This study concerns a series of 229 patients with severe CNS injury 
(out of a series of 559 severely injured patients) admitted to 12 Dutch 
hospitals in the period October 1, 1984 to October 1, 1985; five general 
hospitals without a neurosurgical department, 3 general hospitals with a 
neurosurgical department and 4 university hospitals of which one does not 
have a neurosurgical department. The data were prospectively collected. 
Included were those patients who were in coma for at least 6 hours or died 
within 6 hours of admission. The level of consciousness was assessed using 
the Glasgow Coma Scale (238). Patients were considered to be in coma when 
they did not open their eyes, did not utter recognizable words and did not 
respond to verbal commands (Ε,Μ,,-V, _-) (133, 238). 
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Criteria for evaluation were formulated, using the guidelines developed 
at the consensus conference. The following management factors were 
evaluated. 
Criterion 1. As the policy for the management of patients with a severe 
CNS injury should, include direct transport to hospitals 
especially equipped for this purpose (guidelines 2 from 
reference 3), we evaluated the incidence of direct transport 
to hospitals especially equipped for the management of 
patients with severe CNS injury. Only if a life-threatening 
circulatory and/or respiratory problem was present, should 
these patients be transported to the nearest hospital before 
transfer to a more suitable hospital. 
Criterion 2. When patients are transferred from a general hospital to a 
hospital especially equipped to manage these patients, they 
should be intubated before transfer and preferably ventilated 
(guideline 5 from reference 3,25). 
Criterion 3. CT-scanning of the brain should be performed as soon as 
possibly in comatose patients (guideline 7 from reference 3). 
However, first the vital functions should be stabilized. When 
patients were referred from general hospitals to hospitals 
with a neurosurgical department, a time lag of three hours was 
arbitrarily accepted, if no operative procedure had been 
performed to stabilize the patient. 
Criterion 4. Continuous intracranial pressure monitoring is indicated in 
all comatose patients, who have had a craniotomy, or who have 
abnormal findings on CT-scanning associated with a mass-lesion, 
or who are mechanically ventilated (guideline 9 from reference 
3). 
As the above defined criteria are not suitable for all patients (e.g. for 
patients who died within a few hours after arrival no intracranial pressure 
(ICP) monitoring could be instituted), the number of patients for which each 
criterion will be evaluated, will differ. 
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Χ. 3 Results 
In 19 of the 229 patients with severe CNS injury, no treatment was 
instituted due to the fatal prognosis as estimated on admission. These 
19 patients will not be evaluated. 
Of the 210 patients, 108 were admitted directly from the scene of accident 
to a hospital with a neurosurgical unit. The other 102 patients were initially 
admitted to a hospital without a neurosurgical unit. Thirty-four of these 
patients were transported to a participating hospital without neurosurgery 
(5 general hospitals and one university hospital without neurosurgical 
department). Of these 34 patients, 11 died within a few hours after admission. 
Of the remaining 23 patients, 10 (43%) were not transferred to a hospital 
equipped with a neurosurgical department after stabilization. 
Of all severely injured patients directly admitted to the participating 
hospitals (n=392), 40% of those directly admitted to hospitals without a 
neurosurgical department had a severe CNS injury, while for hospitals with 
a neurosurgical department that was 35%. 
Of the 81 patients (71 from non-participating hospitals and 10 from 
participating hospitals without a neurosurgical department) referred to a 
hospital with a neurosurgical department, 33 (41%) were not intubated 
before transfer, and 9 (11%) patients were referred after a delay of 
more than 3 hours. 
CT-scanning was not performed as soon as possible in 17/177 (10%) patients. 
In 143 out of the 210 patients, ICP monitoring was possibly indicated 
according to the guidelines from reference 1. However, in only 34 (24%) 
patients was ICP-monitoring actually instituted. 
X. 4 Disaussion 
Since 1982, consensus development conferences, organized by the CBO*, are 
an accepted occurrance in The Netherlands (83). In 1984, such a consensus 
conference was organized with the topic 'The management of the patient with 
severe brain injury'. During this conference, guidelines were formulated 
to proscribe the appropriate management of these patients. These guidelines 
were published in April 1985 (3). Thus, as this study was performed during 
CBO: Centraal Begeleidingsorgaan voor de Intercollegiale Toetsing 
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the period October 1984-October 1985, we could only evaluate how the 
existing situation correlated with the desired situation as proposed by 
those guidelines. 
It is difficult to define clear evaluation criteria from these guidelines, 
which apply for all possible local circumstances (45). For this reason, some 
of the defined criteria seem unreasonable for certain local circumstances. 
For example, a comatose patient with optimal vital functions admitted to a 
hospital without a neurosurgical department and lacking CT-scanning, should 
be transferred immediately after the appropriate stabilization of vital 
functions. Thus, the time lag of three hours as used in this evaluation, is 
actually much too long for most patients. This may be regarded as a minimum 
criterion. We evaluated just these four topics, as they permitted clear, 
although arbitrary, evaluation criteria to be defined. 
The most important finding from this study is the fact that comatose 
patients apparently were not transported preferentially to those hospitals 
especially equipped to manage these patients. First of all, in the partici-
pating hospitals without a neurosurgical department, a higher percentage 
of the patients directly admitted had sustained a severe CNS injury than 
in participating hospitals with a neurosurgical department (40% vs 35%). 
Secondly, about 50% of the patients with severe CNS injury was initially 
admitted to hospitals without a neurosurgical department (the nearest 
hospital). From many reports it can be concluded that life-threatening 
incidents as hypoxia and hypotension occur in 30-50% of the patients with 
severe head injury (77,142,181). However, as hypoxia in these studies is 
defined by arterial blood gas analysis and as it is not usually clinically 
evident (71), the in-field observed incidence of these life-threatening 
features is probably much lower. This can also be concluded from the low 
incidence of intubation before transfer. Taking these factors into 
consideration, we conclude that, in general, patients with severe CNS injury 
were not preferentially transported directly to a hospital especially 
equipped for their management. 
A disturbing finding was the fact that about 40% of the referred patients 
were not intubated before transfer. Apart from the fact that intubation is the 
only means to ascertain an adequate airway, it prevents aspiration which 
regularly occurs in severely injured patients (25). 
CT-scanning was performed within an acceptable delay in about 90% of the 
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cases. However, i t was surprising to f ind that some neurologists s t i l l re ly 
upon echo-encephalography. 
ICP-monitoring was performed only in fewer than one quarter of the pat ients. 
However, we did not include CT-findings into the evaluation of the necessity 
for ICP-monitoring. Although ICP-monitoring has helped to ra t iona l ize the 
management of patients with CNS in ju ry , and although some studies reported 
improved outcome due to therapeutic interventions under ICP-monitoring (30, 
176,179), i t was found that many neurologists and neurosurgeons doubted the 
usefullness of ICP-monitoring. 
From this study, we conclude that in the period studied, the management 
of severely injured patients was s ign i f i can t l y d i f fe rent from the 
management pol icy as developed at the consensus meeting. 
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Chapter XI 
DO PATIENTS WITH A SEVERE CENTRAL NERVOUS SYSTEM INJURY 
PROFIT FROM A TEMPORARY STOP AT THE NEAREST HOSPITAL 
BEFORE TRANSPORT TO A MAJOR HOSPITAL? 
XI. 1 Introduction 
Although the primary injury to the central nervous system (CNS) will not 
be affected by treatment, an overall improvement in the outcome might be 
achieved by preventing secondary CNS injury (176). Secondary CNS injury can 
be caused not only by intracranial but also by systemic factors (181). 
Several studies have shown that serious systemic factors are present in 
30 to 50% of the patients with severe CNS injury (77,96,142,181). These 
systemic factors, especially hypoxia and hypotension, have a dramatically 
adverse effect on outcome (77,96,142,176,181). Thus, the management of the 
patient with severe CNS injury should primarily be directed at prevention and 
amelioration of these secondary insults. 
In The Netherlands, severely injured patients are almost always transported 
to the nearest hospital. This deviates from the policy of direct trans-
portation to a major hospital with a 24-hour neurosurgical service and a 
general accident service as stated in the guidelines developed by the Dutch 
Society of Neurosurgery in cooperation with the CBO (3). 
However, proponents of transportation to the nearest hospital argue that 
stabilization of vital functions can only be guaranteed by a temporary stop 
at the nearest hospital. 
The aim of this study was to investigate if patients with severe CNS injury 
were indeed stabilized at the nearest hospital before transfer with regard to 
the adverse systemic factors hypoxia and hypotension. 
XI.2 Materials and methods 
In the one year period October 1984 to October 1985, all comatose patients, 
secondarily referred to the University Hospital Nijmegen and the University 
CBO: Centraal Begeleidingsorgaan voor de Intercollegiale Toetsing. 
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Hospital Groningen, were prospectively studied. Both hospitals serve as 
reference hospitals for trauma patients for their region. 
The level of consciousness, one of the most important prognostic factors 
for CNS injury, was assessed using the Glasgow Coma Scale (238). Patients 
were considered to be in coma when they did not open their eyes, did not utter 
recognizable words and did not respond to verbal commands (ЕЛІ, cV, o). Only 
those patients who were comatose in the referring hospital and remained so 
until admission to the reference hospitals entered the study. 
The following data were used for analysis: age, EMV-score on admission, 
severity of all injuries as assessed with the Injury Severity Score (ISS) 
(10), systolic blood pressure on admission, arterial blood gas analysis on 
admission, and the therapeutic measures endotracheal intubation with or 
without assisted mechanical ventilation before and during transport. The 
ISS was determined for every patient using the Hospital Trauma Index (HTI) 
(4,100), as well as the Abbreviated Injury Score (AIS-1980) (62). The AIS-
ISS was also determined because in this study we were also interested in 
the influence of hypotension on outcome, regardless the other factors. 
Since HTI incorporates the systolic blood pressure as a significant 
feature, hypotensive patients, all other factors being equal, will always 
have a higher HTI-ISS rating than patients without hypotension. This does 
not apply for the AIS-ISS rating. 
Hypoxia was defined as an arterial oxygen tension of less than 8.5 kPa 
(64 mm Hg) on admission. Hypotension was said to occur when on admission 
the systolic arterial blood pressure was 90 mm Hg or less. All patients were 
followed up to discharge or death in hospital. 
Statistical analysis was performed using the Mann-Whitney U test and the 
Chi-square test with Yates' correction. Ρ values < 0.05 were considered 
to indicate statistical significance. 
XI. 3 Results 
In the study period, 63 comatose patients were referred. In three pat ients, 
a r t e r i a l blood gas analysis was not performed on admission. These patients 
were excluded from the study. Twenty-one patients were referred to the 
University Hospital Nijmegen and 39 patients to the University Hospital 
Groningen. 
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Table XI.1: Incidence of hypoxia and/or hypotension in 60 referred comatose 
patients and outcome 
Insult No. {%) Outcome 
Died {%) Survived (%) 
Hypoxia alone 17 (29) 
Hypotension alone 8 (13) 
Both 3 ( 5) 
None 32 (53) 
12 (71) 
6 (75) 
2 (67) 
8 (25) 
5 (30) 
2 (25) 
1 (33) 
24 (75) 
Total 60 (100) 28 (47) 32 (53) 
Hypoxia was present in 20 (33%) patients (Table XI.1). Of these 20 
patients, only 11 (55%) were intubated. Of the 40 patients without hypoxia 
on admission, 30 (75%) were intubated before transfer. This difference is 
not statistically significant (p > 0.05; Chi-square test with Yates' 
correction). Eleven patients had a systolic blood pressure of less than 
90 mm Hg on admission. Both systemic insults were present in three patients. 
Thus adverse systemic factors were present on admission to the reference 
hospital in 28 (47%) of the 60 referred comatose patients. Mean age, mean 
EMV-score, and mean AIS-ISS for the group of patients with systemic insults 
did not differ from those for the group of patients without systemic insults 
(Table XI.2). The mean HTI-ISS, as expected, was significantly higher for the 
group of patients with systemic insults (p < 0.001; Mann-Whitney U test). 
However, when the mean HTI-ISS for the group of patients with hypoxia on 
admission was compared with that for the group of patients without systemic 
insults, the difference was not statistically significant (35 + 13.4 vs 
42.5 + 14 (mean + SD): ρ > 0.10; Mann-Whitney U test). 
Of the 32 patients without systemic insults, only 8 (25%) patients died, 
while 20 (71%) of the group with hypoxia or/and hypotension on admission 
died. This difference is highly significant (p < 0.0001; Chi-square test 
with Yates' correction). Twelve (71%) patients with only hypoxia on 
admission died as compared to 25% out of the patients without systemic 
insults (p < 0.001; Chi-square test with Yates' correction) (Table XI.1). 
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Table Χ 1.2: Prognostiaally relevant features (mean +_ SD) in the two groups 
of patients with severe CNS injury: with and without the systemic 
insults of hypoxia and/or hypotension 
Feature 
Age 
EMV-score 
HTI-ISS 
AIS-ISS 
Without systemic 
i n s u l t (n=32) 
34.9 + 21.5 
5.2 + 1.5 
35.8 + 13.4 
36.2 + 14.5 
With systemic 
i n s u l t (n=28) 
27.3 + 18.5 
4.9 + 2.0 
49.0 + 15.2 
41.5 + 12.1 
P-value 
ns 
ns 
0.001 
ns 
ns = ρ > 0.05; Mann-Whitney U test 
Of the 8 patients with only hypotension on admission, 6 (75%) patients died. 
This is also significantly different from the death rate for the group of 
patients without systemic insults (p < 0.05; Chi-square test with Yates' 
correction). 
Fourty-one patients were intubated before transfer. Of these 41 patients, 
11 {21%) were hypoxic on admission, while 9 (47%) of the 19 non-intubated 
patients were hypoxic. This difference is not statistically significant 
(p > 0.05; Chi-square test with Yates' correction). Of the 41 intubated 
patients, 21 required assisted mechanical ventilation because of clinically 
inadequate ventilation before transfer. Using logistic regression analysis, 
we could not show a significant difference in outcome for those intubated 
patients, with or without assisted mechanical ventilation, as compared to 
those patients not intubated. 
XI.4 Discussion 
This study shows again that hypoxia and hypotension are clearly associated 
with an unfavorable outcome for patients with severe CNS injury. The observed 
incidence of hypoxia and hypotension in this group of patients with severe 
CNS injury is in agreement with the literature (Table XI.3). In a prospective 
study, we recently performed (77) for evaluating prehospital trauma care, the 
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Table XI.3: The inoidenoe of hypoxia and hypotension as reported in several 
series of patients with severe CNS injury 
Author(s) 
Draaisma (77) 
Kohi et al (142) 
Miller et al (181) 
Gentleman (96) 
This study 
No . patients 
30 (100) 
67 (100) 
225 (100) 
150 (100) 
60 (100) 
(%) Hypoxia (%) 
9 (30) 
24 (36) 
78 (35) 
29 (19) 
20 (33) 
Hypotension (%) 
7 (23) 
8 (12) 
34 (15) 
12 ( 8) 
11 (18) 
incidence of hypoxia for directly admitted patients with severe CNS injury 
was 30%; the incidence of hypotension was 23%. This is in close agreement 
with the incidence of these conditions observed in the 60 referred patients. 
This was also found in a study performed by MILLER et al (180) in the 
United States. From this study, they concluded that "... a temporary stop 
at another hospital en route to the major trauma center did not benefit 
patients'. GENTLEMAN and JENNETT (96) reported the same results. They 
concluded that 'many of the available factors are associated with the 
system of secondary referral to a neurosurgical unit in another hospital 
of cases requiring specialized investigation and treatment' (96,135). 
Surprisingly, we did not observe a better outcome for those patients who 
had assisted mechanical ventilation started before transfer. KOHI et al 
(142), who observed the same finding, suggested that this might be explained 
by the fact that it is primarily those patients who had clinically an 
insufficient ventilation who were intubated and mechanically ventilated. 
As hypoxia in these patients occurs in about 50% of the cases due to the 
CNS injury (181), the occurrence of respiratory failure, sufficiently severe 
to be clinically recognized, may merely indicate the overwhelming degree of 
CNS injury. From our results, it cannot be concluded that the outcome of 
those patients who are hypoxic on arrival, but not yet intubated and 
ventilated, would have been improved by intubation and ventilation before 
transfer. However, this seems reasonable. Moreover, early intubation prevents 
aspiration, which frequently occurs in severely injured patients (3,25). 
The results from the present study indicate that a temporary stop at the 
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nearest hospital does not benefit the patient. Moreover, because of this 
temporary stop, valuable time is lost before the appropriate diagnostic 
investigation (CT-scanning) and definitive therapy can be instituted. 
Our findings support the policy that patients with severe CNS injury 
should be transported directly to a hospital that has a 24-hour neurosurgical 
service as well as a general trauma service. Triage may be performed by 
using the Trauma Score (53) or the guidelines suggested by the Committee 
on Trauma of the American College of Surgeons (64). 
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Chapter Xlla 
SUMMARY AND CONCLUSIONS 
Xlla. 1 Intvoduotion 
Trauma is the primary cause of death in people younger than 30 years of 
age. One out of every 100 people in The Netherlands is more or less disabled 
as a result of trauma. Thus, trauma is clearly a major medical, social, and 
economical problem. 
In 1983, a retrospective study was performed in the University Hospital 
Nijmegen to examine trauma deaths. The results suggested that the hospital 
trauma care was not adequate. As no national data were available, a 
prospective study was conducted to evaluate trauma care in The Netherlands. 
Though prehospital trauma care should be integrated with hospital trauma 
care, it was decided to center on evaluation of hospital trauma care. Due 
to fortuitous circumstances however, it was also possible to conduct a 
pilot study on prehospital trauma care. 
This thesis is divided into three parts. 
Part I (Chapters I, II and III) reviews the literature on various aspects 
of trauma and (evaluation of) trauma care. 
Part II consists of two pilot studies (Chapters IV and V) including a 
prospective study on prehospital trauma care and a retrospective study on 
methods for evaluation of hospital trauma care. 
In part III (Chapters VI, VII, VIII, IX, X and XI) the results of the 
prospective mul ti center study are presented. 
Xlla.2 Summary 
XIla.2.1 Part I: Literature review 
In addition to epidemiologic data, methods to reduce mortality and 
disability as a result of trauma are described in Chapter I. Methods to 
reduce mortality and disability can be divided into three types: 
1) accident prevention 
2) reduction of injuries (and their severity) from specific accidents 
3) reduction in mortality and morbidity from specific injuries. 
Because of the demographic and geographic differences between urban and 
151 
rural regions, different trauma system models have been developed. 
According to BOYD, in an urban-suburban setting, severely injured patients 
should be transported directly to designated regional trauma centers. In 
a rural-urban setting trauma patients should be brought to a local facility 
where resuscitation can be provided and life-saving operative treatment 
can be instituted. 
The existing systems of trauma care in The Netherlands, West Germany and 
the United States are presented. The present system in The Netherlands is 
not the 'urban-suburban' system described by BOYD, but rather the 'rural-
urban' system. 
In Chapter II various methodological aspects of injury severity indices 
are discussed. Until recently, a scientific study of (severely) injured 
patients was hampered by the absence of appropriate indices. However, 
since 1970 several injury severity indices have been developed. Of these 
indices, the Trauma Score (TS), the Abbreviated Injury Scale (AIS), and the 
Hospital Trauma Index (HTI) are discussed in detail. Since AIS as well as 
HTI have serious limitations in rating patients with multiple injuries, 
the Injury Severity Score (ISS) was developed in 1974. This index utilizes 
scores obtained from either AIS or HTI. Various aspects of AIS-ISS and 
HTI-ISS are discussed. 
For optimal evaluation of trauma care, all the known important prognostic 
features should be included in the analysis, as: age, pre-existent disease, 
severity of all injuries (e.g. ISS), physiological response to trauma 
(e.g. TS), the existence of a severe CNS injury and (probably) the type of 
accident (blunt vs penetrating). 
In Chapter III the literature on trauma care is reviewed. The time lag 
between the accident and definitive therapy is of utmost importance for 
the prognosis of the patient. Therapy can even be instituted at the scene 
of accident. Though the effectiveness of in-field stabilization ts still 
controversial, especially with short transportation times, there is general 
agreement on the effectiveness ot endotracheal intubation. However, several 
studies have shown a significantly improved outcome with the use of in-
field stabilization. This even was true when applied to those situations 
in which the transportation times were shorter than the average time needed 
for stabilization at the scene of accident. 
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Although the first audit studies on hospital trauma care in the United 
States were published in the early 1960's, this has not led immediately 
to improved trauma care. In the beginning of the 1970's, however, several 
studies were published documenting inadequate hospital trauma care. 
Unacceptable care occurred more frequently in fatalities than in survivors. 
Many studies have documented that preventable death occurs significantly 
more often in hospitals not specialized in trauma care than in hospitals 
specialized in the care for the severely injured patient. 
To improve trauma care, trauma systems have been developed in several 
regions in the United States which consist of regionally organized systems 
for integrated prehospital and hospital trauma care. In West Germany, such 
a system has existed since the early 1970's. The key element of these trauma 
systems is the designation of regional trauma centers, to which severely 
injured patients are transported. Several studies have documented that the 
implementation of an integrated and organized trauma center system reduces 
preventable deaths and mortality. 
As more than 50% of all severely injured patients have a CNS injury to 
some extent and as approximately 50% of trauma fatalities are a consequence 
of CNS injury, the evaluation of care for this specific group of patients 
was considered in depth. The primary injury to the brain can not be affected 
by treatment. Therefore, the main objective of the management should be to 
prevent or minimize secondary brain damage, which can result from adverse 
intracranial or systemic factors. Adverse systemic factors (e.g. hypoxia 
or hypotension) occur very frequently and dramatically increase not only 
mortality, but also morbidity. Several studies have documented that a 
temporary stop at the closest hospital, preceding transport to a hospital 
with a neurosurgical department, does not reduce the incidence of adverse 
systemic factors. Because of the time lost due to this temporary stop, some 
authors conclude that patients with a severe CNS injury should be transported 
directly to a major hospital with a neurosurgical department. 
The last part of this chapter describes causes of death after trauma. For 
analysis, a classification of death is used which includes the following 
four categories: 1) death from CNS injury, 2) death from local complicating 
factors, 3) death from secondary complicating factors, and 4) death from 
pre-existent complicating disease. Death caused by the second and third 
category is possibly preventable and it seems also possible to reduce 
mortality from CNS injury due to adverse secondary factors by appropriate 
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treatment, especially within the hours immediately following the accident. 
Analyzing the causes of death can be used to evaluate hospital trauma care. 
XIIa.2.2 Part II: Pilot studies 
In Chapter IV a prospective pilot study on prehospital trauma care for 
30 patients with severe CNS injury is presented. Two subsets of patients were 
compared. The first subset of patients was transported by ambulance personnel 
who had no intensive care training (n=18), and the second subset of patients 
was transported by ambulance personnel who had additional intensive care 
training (n=12). 
The two subsets were comparable as to age, level of consciousness and 
the severity of all injuries. No difference was found in therapeutic inter-
ventions, incidence of adverse factors on arrival in the hospitals and 
outcome between the two subsets. This study shows that both groups of 
ambulance personnel performed only at - or even below - the level of basic 
life support. The average time at the scene of accident was significantly 
less than the average time needed for transport. 
From these data, it is concluded that the necessity and possibility of 
introducing advanced life support modalities within the prehospital setting 
in The Netherlands should be investigated. 
In Chapter V some methods for the evaluation of hospital trauma care which 
could possibly be used in The Netherlands are discussed. The merits and 
limitations of these methods were studied by retrospectively applying them 
to a series of trauma patients admitted in 1981-1982 to the University 
Hospital Nijmegen. Evaluation of trauma care can be conducted by quantitative 
as well as qualitative methods. However, even when the study population can 
be optimally defined, results from quantitative methods should be interpreted 
with caution. All quantitative methods were shown to have limitations for 
evaluation of hospital trauma care. So these methods only provide a global 
impression of the quality of trauma care. 
It is concluded that optimal evaluation should utilize both the quantitative 
and qualitative methods. 
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XIIa.2.3 Part III: Prospective multicenter study 
In Chapter VI material, methods and general aspects of the patient 
population are given. The participating 12 hospitals were categorized as 
follows: 
- Category A: General hospitals without a neurosurgical department (n=5) 
- Category B: General hospitals with a neurosurgical department (n=3) 
- Category C: University Hospitals (n=4). 
Data on all severely injured patients (with blunt or penetrating trauma), 
admitted to one of the participating hospitals in the period October 1, 1984 
to October 1, 1985 were prospectively collected. In total, 547 severely 
injured patients were included in the study: primarily young, healthy 
people. Most admissions were due to traffic accidents (78%); only a few 
admissions were the result of penetrating trauma (3%). 
The incidence distribution showed no significant peaks over the months, 
nor over the days. However, the distribution throughout the day showed a 
peak incidence between 4:00 pm and 8:00 pm. 
As 12 patients were transported between participating hospitals, a total 
of 559 patients are analyzed to compare outcome results of the three 
hospital categories. Of these 559 patients, 66 patients were admitted to 
a category A hospital, 151 patients to a category В hospital, and 342 patients 
to a category С hospital. 
In Chapter VII the validity and reliability of the Hospital Trauma Index-
Injury Severity Score (HTI-ISS) is examined. In this series of trauma 
patients, the HTI-ISS ratings were shown to have a statistically significant 
correlation when compared with mortality, expected long term outcome, and 
the duration of hospital stay for those who survived. 
It was shown that the probability of death could be predicted more 
accurately by using a set of variables consisting of age, HTI-ISS and GCS. 
The HTI had a substantial to almost perfect inter-rater reliability 
(kappa 0.79-0.94) and the HTI-ISS a substantial inter-rater reliability 
(kappa 0.64). The intra-rater reliability was almost perfect for HTI 
(kappa 0.85-0.96), and HTI-ISS (kappa 0.87). 
In Chapter Vili hospital trauma care is analyzed using several quantitative 
evaluation methods. Patients were divided into two groups for proper analysis. 
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Group I includes only those patients directly admitted from the scene of 
accident and totally cared for in that single participating hospital. 
Group II includes all admitted trauma patients. 
The mortality rate for group I patients was 43% for category A hospitals, 
40% for category В hospitals, and 22% for category С hospitals. This 
significant difference can partly be explained by a bias in the registration 
of patients with an HTI-ISS of 18-24 points. In category С hospitals 
significantly more patients were registrated with such an HTI-ISS. As there 
is no reason to assume that patients with such an HTI-ISS were transported 
by preference to university hospitals, it is likely that in category A 
and В hospitals not all patients with an HTI-ISS of 18-24 points were 
registrated. 
Logistic regression analysis has shown that in all three hospital categories 
the actual mortality was not significantly different from the expected 
mortality. However, the actual mortality was higher than the expected 
mortality in category A and В hospitals, and lower than the expected 
mortality in category С hospitals. Mortality, corrected for age, HTI-ISS 
and GCS, was lower in category С hospitals than in both other hospital 
categories, but only had statistical significance when compared to category 
В hospitals. This was consistent, also when patients with an HTI-ISS of 
18-24 points were excluded. This difference may have been caused by 
differences in management or by differences in prognostic features not 
included in the prediction model. Arguments can be given for both explanations. 
An important difference between category В hospitals and the other two 
hospital categories is that significantly more patients with severe CNS 
injury were admitted in category В hospitals. Because of the assumed fatal 
prognosis for these patients, aggressive investigation and therapy was 
instituted less frequently in category В than in category С hospitals. 
In category A hospitals, hemorrhage was the cause of death in 60% of the 
fatalities as compared with 19% and 28% in category В and category С 
hospitals respectively. In category A hospitals, emergency laparotomy and/or 
emergency thoracotomy was less frequently performed in patients dying from 
hemorrhage. More than 70% of the non-CNS deaths in category A hospitals died 
within six hours after admission, as compared to 33% and 45% in respectively 
category В and category С hospitals. 
The conclusion made from these results is that the management for trauma 
patients is less aggressive in category A hospitals. From some of the data 
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the question arises whether care for the patient with severe CNS injury is 
less aggressive in category В hospitals than in category С hospitals. 
In Chapter IX the data of all fatalities were reviewed for management 
errors and preventable death. A panel of five surgeons trained in trauma 
care, reviewed the data independently. A management error was said to have 
occurred only when at least four panel members concluded that the same 
type of management error had been made. A case was classified as definitely 
preventable death, when at least four panel members so classified it. 
However, when at least four of the five panel members classified a case as 
either possibly or definitely preventable, it was classified as a 
possibly preventable death. All other cases were classified as non-
preventable. A dinstinction was made between the cause of death being 
preventable (preventable Class I death) and the death itself being 
preventable (preventable Class II death). For proper analysis patients 
were divided in the same two groups as in Chapter VIII. 
The level of inter-observer agreement for identifying management errors 
was moderate to substantial. Inter-observer agreement for Class I and 
Class II death, however, was lower. The inter-observer agreement would not 
have been improved by excluding one of the panel members. The intra-
observer agreement was also high for management errors, but lower in regard 
to the question of preventable Class I and Class II death. 
Management errors occurred in 38% of the fatalities. Treatment failures 
were more than twice as frequent as failures in investigation. There were 
significantly more management errors in category A hospitals than in both 
the other hospital categories. 
(Possibly and definitely) preventable Class I death was identified in 
29% of group I patients. For the group non-CNS deaths, preventable Class I 
death was identified in 40% of fatalities, while for the CNS deaths, 17% 
was identified as being preventable. There were significantly more 
preventable deaths in category A hospitals than in both the other hospital 
categories. The most frequent cause of preventable death was hemorrhage, 
resulting from the failure to operate (or the delay in such an operation). 
Of all fatalities, 20% was classified as (possibly or definitely) 
preventable Class II death. Significantly more preventable Class II deaths 
occurred in category A hospitals (57%) than in both other hospital 
categories (category В 17%, category С 21%). 
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From these results, it can be concluded that management errors and 
preventable death are general phenomena occurring in any hospital. However, 
they occur more frequently in general hospitals v/ithout a neurosurgical 
department than in general hospitals with a neurosurgical department or 
university hospitals. 
In Chapter X the care for the severely injured CNS patient is evaluated 
using four evaluation criteria, based on the 'Guidelines for the management 
of patients with severe traumatic brain injury' (Ned Tijdschr Geneesk 1985; 
129: 1645-1649). 
The most important finding from this study is the fact that comatose 
patients were transported to the closest hospital and not preferentially 
to hospitals especially equipped for the management of such patients. 
A disturbing finding was that approximately 40% of the referred patients 
was not intubated before transfer. Of the referred patients, 11% was 
referred with a delay of 3 hours or more. A brain CT-scan was performed 
within an acceptable delay in about 90% of the patients. ICP-monitoring 
was only performed in fewer than one-quarter of the patients. 
From these results, it is concluded that the management of patients with 
severe CNS injury differed significantly from the management policy formulated 
in the 'Guidelines for the management of patients with severe traumatic 
brain injury'. 
In Chapter XI an investigation whether patients with severe CNS injury 
profit from a temporary stop at the nearest hospital before transport to 
a major hospital is reported. All comatose patients during the study period 
who were referred to either the University Hospital Nijmegen or the 
University Hospital Groningen were analyzed: in total 60 patients. 
It appeared that adverse systemic factors occurred in referred patients 
as frequently as in patients admitted directly from the scene of accident. 
From these data, it can be concluded that patients with severe CNS injury 
do not profit from a temporary stop at the nearest hospital before transfer 
to a major hospital. 
Xlla. 3 Conclusions 
The results of the prospective mul ti center study suggest that trauma care 
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is less appropriate in hospitals not especially equipped to manage severely 
injured patients. Further the initial management of these patients, 
especially the stabilization of patients with severe CNS injury before 
transfer, is not optimal. The frequency of management errors and the 
preventable death rate are in close agreement with the literature for 
trauma care when there is neither an organized nor an integrated trauma 
care system. 
Trauma care in The Netherlands is neither integrated nor organized. The 
management at the scene of the accident and during transport is not 
integrated with the total management of the trauma patient. As shown by 
the pilot study, prehospital trauma care in The Netherlands seems to be 
inadequate. 
The trauma patient is, in general, transported to the nearest hospital 
rather than to the most appropriate hospital. However according to BOYD, 
considering the demographic and geographic situation in The Netherlands, 
severely injured patients should be transported directly to hospitals 
especially equipped for their care. This system of trauma care exists in 
West Germany and in several parts of the United States. The results of the 
studies presented in this thesis support this concept. 
However to create such a system, a concept should be developed for 
regionalized trauma care which includes the designation of trauma centers. 
Hospital categorization can be performed according to suitable guidelines 
such as those formulated by the Dutch Society of Traumatology and the 
American College of Surgeons. Hospitals designated to care for severely 
injured patients, trauma centers, should have the immediate disposal of 
appropriate diagnostic and therapeutic equipment to manage all injuries 
to the head and brain, the thorax, the abdomen, the heart and great vessels 
as well as all types of fractures. These hospitals should have an organized 
and experienced team approach to the trauma patient. This team, consisting 
at least of a trauma surgeon, an anesthesiologist, and a neurosurgeon or 
neurologist, should be immediately available upon the arrival of the 
patient to the emergency department. The team leader should be the trauma 
surgeon, until it is evident that the main problem is found in the field 
of another specialist. The Dutch Society of Traumatology estimates that 
10 to 15 such trauma centers would be needed in The Netherlands. 
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In such a trauma concept, specific categories of trauma patients need to 
be identified by ambulance personnel for immediate transport to the regional 
trauma center. These patients can be identified by triage protocols. The 
Trauma Score can serve as an appropriate triage tool. 
In summary, from the results of the studies in this thesis and from data 
recorded in the literature, it can be expected that the implementation 
of an integrated and organized regional trauma center system with as central 
elements 'advanced life support' in the prehospital setting and field triage 
of the severely injured patient to regional trauma centers would result in 
an improved prognosis for the trauma patient. 
Hoofdstuk ΧI Ib 
Samenvatting en conclusies 
Xllb.l Introduatie 
Sterfte ten gevolge van een ongeval is de belangrijkste doodsoorzaak 
bij de bevolking onder de leeftijd van 30 jaar. Bovendien is 1 op de 100 
inwoners van Nederland min of meer gehandicapt als gevolg van een ongeval. 
Gezien de omvang van het probleem, is de zorg voor de ongevalspatiënt van 
groot medisch, sociaal en economisch belang. 
In 1983 werd een retrospectief onderzoek verricht naar voorkoombaar 
overlijden van ongevalspatienten in het Sint Radboudziekenhuis in Nijmegen. 
De resultaten van deze studie deden vermoeden dat de (medische) zorg voor 
deze groep patiënten niet optimaal was. Daar ook landelijk hierover geen 
gegevens bekend waren, werd een prospectief mul ti center onderzoek opgezet 
om de zorg voor de ongevalspatiënt in Nederland te evalueren. Alhoewel de 
preklinische zorg een wezenlijk onderdeel van deze zorg uitmaakt, werd 
besloten het onderzoek in eerste instantie te beperken tot klinische zorg. 
Toch werd tevens, door gunstige omstandigheden, ook een pilot study verricht 
naar de preklinische zorgverlening. 
Dit proefschrift bestaat uit 3 gedeelten. 
Het eerste gedeelte (hoofdstuk I t/m III) behandelt de literatuur over 
verschillende aspecten van ongevallen en (mogelijkheden van) evaluatie 
van zorgverlening aan de ongevalspatiënt. 
Deel II bestaat uit 2 pilot studies (Hoofdstuk IV en V), waarin een 
prospectieve studie met betrekking tot de preklinische zorgverlening, 
en een retrospectieve studie naar mogelijkheden van evaluatie van de 
klinische zorgverlening behandeld worden. 
In deel III (Hoofdstuk VI t/m XI) worden de resultaten van het prospectieve 
mul ti center onderzoek weergegeven. 
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Xllb. 2 Samenvatting 
XIIb.2.1 Deel I: Literatuurstudie 
In Hoofdstuk I worden naast epidemiologische gegevens, mogelijkheden 
besproken om de sterfte en invaliditeit ten gevolge van ongevallen te 
verminderen. De methoden hiertoe kunnen in 3 groepen uitgesplitst worden: 
1) preventie van het ongeval 
2) preventie van letsels c.q. het verminderen van de ernst van letsels 
na een ongeval 
3) vermindering van mortaliteit en morbi di teit ten gevolge van de opgelopen 
letsels. 
Uitgebreid wordt ingegaan op medisch-geografische modellen van opvang van 
ongevalspatiënten. Volgens BOYD dienen in een geürbaniseerd gebied (land) 
ernstig gewonde ongevalspatiënten rechtstreeks naar hiervoor opgezette 
ongevalscentra vervoerd te worden ('urban-suburban model'). In een niet-
geürbaniseerd gebied (land) daarentegen, dienen ernstig gewonde ongevals-
patiënten naar het dichtstbijzijnde ziekenhuis vervoerd te worden ter 
stabilisatie ('rural-urban model'). 
Aansluitend worden in dit hoofdstuk de bestaande systemen uiteengezet 
van de zorgverlening aan de ongevalspatiënt in Nederland, West-Duitsland 
en de Verenigde Staten. Hieruit blijkt dat in Nederland het door BOYD 
beschreven 'urban-suburban' model niet gehanteerd wordt. 
In Hoofdstuk II wordt uitgebreid ingegaan op methodologische aspecten van 
verschillende ernstgraderingsschalen. Analyse van de problematiek bij 
(ernstig) gewonde ongevalspatiënten werd tot recent bemoeilijkt door het 
niet aanwezig zijn van een hanteerbare maatstaf van ernst van letsels. 
Sinds het begin van de jaren '70 zijn er verschillende ernstgraderings-
schalen ontwikkeld. Achtereenvolgens worden de Trauma Score (TS), de 
Abbreviated Injury Scale (AIS) en de Hospital Trauma Index (HTI) 
besproken. Daar zowel de AIS alsook de HTI beperkingen hebben bij de 
analyse van meervoudig gewonde ongevalspatiënten, werd in 1974 de Injury 
Severity Score (ISS) ontwikkeld, welke gebruik maakt van de scores 
verkregen met de AIS of de HTI. Verschillende aspecten van de AIS-ISS en 
de HTI-ISS worden besproken. 
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Voor optimale evaluatie van de verleende zorg is het echter noodzakelijk 
dat alle bekende prognostisch relevante factoren aanwezig bij opname, in 
de analyse worden opgenomen. Dergelijke prognostische factoren zijn: 
leeftijd, pre-existent aanwezige ziekte, ernst van alle letsels (bijvoorbeeld 
ISS), fysiologische reactie op het ongeval (bijvoorbeeld TS), de aanwezigheid 
van een ernstig schedel/hersenletsel en mogelijk het soort ongeval (stomp 
of scherp). Het verdient dan ook aanbeveling bij analyse met al deze factoren 
rekening te houden. 
In Hoofdstuk III wordt de literatuur over de evaluatie van de zorgverlening 
behandeld. Het tijdsinterval tussen ongeval en definitieve therapie bepaalt 
voor een belangrijk deel de prognose van de ernstig gewonde ongevalspatiënt. 
Therapie kan reeds ter plekke van het ongeval gestart worden. Alhoewel over 
het nut van preklinische therapeutische interventie, met name bij korte 
transporttijden, nog veel controverse bestaat in de literatuur, is er 
communis opinio over het nut van de endotracheale intubatie ter plekke van 
het ongeval. Verschillende studies vonden echter een duidelijk verbeterde 
prognose, indien de patiënt ter plekke van het ongeval volledig gestabiliseerd 
werd. Dit gold ook voor situaties waarin de transporttijd korter was dan de 
benodigde tijd voor stabilisatie ter plekke. 
Alhoewel de eerste evaluatiestudies betreffende de klinische zorgverlening 
reeds in het begin der zestiger jaren gepubliceerd werden in de Verenigde 
Staten, heeft dit slechts zeer geleidelijk tot optimalisatie van de zorg 
geleid. In het begin der zeventiger jaren verschenen er echter steeds meer 
studies die attendeerden op niet optimale zorgverlening. Inacceptabele zorg 
bleek meer voor te komen bij patiënten die overleden dan bij patiënten die 
het ongeval overleefden. Verschillende studies toonden aan dat voorkoombare 
sterfte meer voorkwam in ziekenhuizen, niet gespecialiseerd in de opvang 
van ernstig gewonde ongevalspatiè'nten. 
Om de opvang van ongevalspatiënten te optimaliseren, werden in verschillende 
staten in de VS traumasystemen opgezet, bestaande uit regionale systemen van 
geïntegreerde preklinische en klinische zorgverlening. Dit systeem bestaat 
ook reeds sinds het begin der zeventiger jaren in West-Duitsland. Kernelement 
van deze traumasystemen is de ontwikkeling van regionale ongevalscentra, 
waarheen ernstig gewonde ongevalspatiënten direct na het ongeval vervoerd 
worden. Uit verschillende studies blijkt dat deze regionalisatie en integratie 
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tot een ver-mindering c.q. verdwijning van voorkoombare sterfte en een daling 
van de totale sterfte leidt. 
Daar meer dan 50% van de ernstig gewonde ongevalspatiënten een min of 
meer ernstig hersenletsel heeft opgelopen, en het hersenletsel bij circa 
50% der overledenen de doodsoorzaak is, wordt uitgebreid ingegaan op deze 
specifieke categorie patiënten. De prognose van het primaire hersenletsel 
is niet of nauwelijks door therapie te beïnvloeden. De therapie dient dan ook 
gericht te zijn op het voorkomen c.q. minimaliseren van secundaire 
beschadiging van de hersenen. Secundaire beschadiging kan zowel door intra-
craniële als systemische factoren ontstaan. Systemische nadelige factoren 
(o.a. hypoxie en hypotensie) blijken zeer frequent voor te komen en gepaard 
te gaan met een dramatische verslechtering van de prognose. Verschillende 
studies vonden dat transport van de ongevalspatiënt naar het dichtsbijzijnde 
ziekenhuis, waarna transport naar een ziekenhuis met een neurochirurgische 
afdeling, de frequentie van deze nadelige systemische factoren niet vermindert. 
Gezien het tijdsverlies dat gepaard gaat met deze wijze van zorgverlening, 
pleiten sommige auteurs dan ook voor direct transport naar een ziekenhuis 
met een neurochirurgische afdeling. 
Het laatste gedeelte van dit hoofdstuk behandelt doodsoorzaken na een 
ongeval. Gebruik wordt gemaakt van een verdeling in 4 categorieën: 
1) overlijden ten gevolge van het hersenletsel, 2) overlijden ten gevolge 
van locaal complicerende factoren, 3) overlijden ten gevolge van secundair 
complicerende factoren en 4) overlijden ten gevolge van pre-existente 
factoren. Doodsoorzaken in categorie 2 en 3 zijn door een optimale zorg-
verlening respectievelijk te voorkomen c.q. te reduceren, en het lijkt ook 
mogelijk overlijden ten gevolge van het hersenletsel te reduceren door 
optimale behandeling van nadelige secundaire factoren, met name in de eerste 
uren na het ongeval. Analyse van doodsoorzaken kan goed gebruikt worden om 
de zorg te evalueren. 
XIIb.2.2 Pilot studies 
Hoofdstuk IV beschrijft een prospectieve evaluatie studie van de pre-
klinische zorgverlening aan 30 patiënten met een ernstig hersenletsel. 
Twee groepen van patiënten werden vergeleken: groep 1, patiënten vervoerd 
door ambulanceverpleegkundigen zonder intensive care opleiding, en groep 2, 
patiënten vervoerd door ambulanceverpleegkundigen met o.a. een intensive 
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care opleiding. 
De groepen waren vergelijkbaar wat betreft leeftijd, diepte van coma en 
ernst van alle letsels. Er bleek geen verschil te bestaan tussen beide 
groepen wat betreft het toepassen van verschillende therapeutische inter-
venties, incidentie van nadelige factoren bij aankomst in het ziekenhuis 
en sterfte. Opmerkelijk was dat beide patientgroepen nauwelijks meer zorg 
kregen dan minimale eerste hulp maatregelen. De tijd ter plekke bleek 
significant korter te zijn dan de benodigde tijd voor transport. 
Geconcludeerd wordt dat het aanbeveling verdient een onderzoek te 
verrichten naar de mogelijkheid om ook in Nederland de 'advanced life 
support' in de preklinische setting in te voeren. 
In Hoofdstuk V worden diverse methoden beschreven om de klinische zorg-
verlening in Nederland te evalueren. Aan de hand van gegevens van 
ongevalspatiënten opgenomen in het Sint Radboudziekenhuis in 1981-1982, 
worden voor- en nadelen van de diverse methoden besproken. Deze methoden 
kunnen verdeeld worden in kwantitatieve en kwalitatieve methoden. De 
kwantitatieve methoden blijken veel nadelen te hebben, waardoor de hiermee 
verkregen resultaten met enige reserve geïnterpreteerd dienen te worden. 
Deze methoden geven dan ook slechts een globale indruk van de kwaliteit 
van de zorg voor de ongevalspatiënt. 
Geconcludeerd wordt dat optimale analyse beide type methoden dient te 
combineren. 
XIIb.2.3 Prospectieve evaluatie studie 
In Hoofdstuk VI wordt de opzet van het prospectieve mul ti center onderzoek 
besproken. In dit onderzoek participeerden 12 ziekenhuizen, welke in 3 
categorieën verdeeld werden: 
- Categorie A: 5 algemene ziekenhuizen zonder neurochirurgische afdeling 
- Categorie B: 3 algemene ziekenhuizen met neurochirurgische afdeling 
- Categorie C: 4 academische ziekenhuizen 
De gegevens van alle ernstig gewonde ongevalspatiënten (met stompe of 
scherpe letsels) met een HTI-ISS > 18, opgenomen in de participerende 
ziekenhuizen in de periode 1 oktober 1984 tot 1 oktober 1985, werden 
prospectief verzameld. In totaal werden 547 ernstig gewonde patiënten 
opgenomen; merendeels jonge, voorheen gezonde mensen. De letsels werden 
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meestal veroorzaakt door een verkeersongeval (78%) en slechts zelden door 
een scherpe verwonding (3%). 
Noch de distributie over de maanden, noch die over de dagen vertoonde 
significante pieken. Significant meer ongevallen vonden tussen 16.00 en 
20.00 uur plaats. 
Daar 12 patiënten van het ene participerende ziekenhuis naar een ander 
participerend ziekenhuis werden verwezen, werden, wanneer de ziekenhuis-
categorieën vergeleken werden, de gegevens van 559 patiënten met elkaar 
vergeleken. Van de 559 patiënten werden 66 patiënten in een categorie A 
ziekenhuis opgenomen, 151 in een categorie В ziekenhuis en 342 in een 
categorie С ziekenhuis. 
In Hoofdstuk vu wordt de 'validity' en 'reliability' van de Hospital 
Trauma Index-Injury Severity Score (HTI-ISS) bestudeerd. De HTI-ISS blijkt 
een statistisch significante relatie te hebben met de kans op overlijden, 
met de kans op invaliditeit, evenals, wat betreft de overlevenden, met de 
opnamedagen. 
Met behulp van logistische regressie analyse blijkt de kans op overlijden 
accurater te voorspellen; deze maakt gebruik van de volgende variabelen: 
leeftijd, HTI-ISS en de Glasgow Coma Scale (GCS). 
De HTI heeft een hoge inter-rater betrouwbaarheid (kappa 0.79-0.94) en 
de HTI-ISS een substantiële (kappa 0.64). De intra-rater betrouwbaarheid 
was hoger (0.85-0.96) en was 0.87 voor de HTI-ISS. 
In Hoofdstuk VIII wordt getracht met behulp van kwantitatieve evaluatie-
methoden een indruk te verkrijgen van de kwaliteit van de zorgverlening in 
de verschillende ziekenhuiscategorieën. Hiertoe werden de patiënten verdeeld 
in 2 groepen. Groep 1 betreft alleen direct opgenomen patiënten, die de 
gehele behandeling (revalidatie en 'sociale overplaatsing' uitgezonderd) 
in de betreffende ziekenhuiscategorie hebben ondergaan. Groep 2 betreft 
alle opgenomen patiënten, dus inclusief verwezen patiënten en patiënten die 
vanuit een participerend ziekenhuis doorverwezen werden. 
De ongecorrigeerde sterfte voor groep 1 patiënten bedroeg 43% in categorie 
A, 40% in categorie В en 22% in categorie С Dit significante verschil kan 
gedeeltelijk verklaard worden doordat in categorie С ziekenhuizen significant 
meer licht gewonde patiënten (HTI-ISS 18-24) waren geregistreerd. Daar het 
onwaarschijnlijk is dat deze patiëntengroep speciaal naar academische 
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ziekenhuizen vervoerd wordt, dient aangenomen te worden dat er dus een bias 
opgetreden is in de registratie, waardoor in categorie A en В niet alle 
opgenomen patiënten met een HTI-ISS 18-24 in het onderzoek werden opgenomen. 
Met behulp van het logistisch regressie model kon aangetoond worden dat 
in geen der ziekenhuiscategorieën de feitelijke sterfte significant afweek 
van de voorspelde sterfte. De feitelijke sterfte was in categorie A en В 
ziekenhuizen hoger dan de voorspelde sterfte en in categorie С ziekenhuizen 
lager. De gecorrigeerde sterfte was voor categorie С lager dan voor beide 
andere ziekenhuiscategorieën, doch alleen significant lager ten opzichte van 
categorie B. Dit gold ook bij uitsluiting van de groep minst ernstig gewonde 
patiënten (HTI-ISS 18-24). Dit kan verklaard worden door óf een verschil in 
zorgverlening öf een verschil in prognostische factoren die niet opgenomen 
zijn in het logistisch regressie model. Voor beide zijn argumenten aan te 
voeren. Een belangrijk verschil tussen categorie В ziekenhuizen en de beide 
andere ziekenhuiscategorieën is het feit dat in categorie В ziekenhuizen 
meer patiënten met een ernstig hersenletsel werden opgenomen. Wegens een 
vermeende fatale prognose werd bij deze patiënten in categorie В zieken­
huizen vaker van agressieve behandeling afgezien dan in categorie С zieken­
huizen. 
In categorie A ziekenhuizen was verbloeding de doodsoorzaak in 60% der 
overledenen, in vergelijking met respectievelijk 19% en 28% in categorie 
В en С ziekenhuizen. Het hersenletsel was de primaire doodsoorzaak in 60% 
der overledenen in categorie В en С ziekenhuizen. In categorie A werden 
minder laparotomieën en/of thoracotomieën verricht bij patiënten die 
verbloedden, en de patiënten overleden ook eerder dan in beide andere 
ziekenhuiscategorieën. 
Geconcludeerd wordt dat de resultaten suggereren dat de behandeling van 
ongevalspatiënten minder agressief is in categorie A ziekenhuizen. Wanneer 
het patiënten betreft met een ernstig hersenletsel, lijkt de behandeling 
minder agressief in categorie В ziekenhuizen dan in categorie С ziekenhuizen. 
In Hoofdstuk IX worden de gegevens van alle overledenen geanalyseerd op 
behandelingsfouten en voorkoombaar overlijden. Vijf panelleden, chirurgen 
gespecialiseerd in de opvang van ongevalspatiënten, analyseerden afzonderlijk 
de gegevens van alle overledenen. Slechts indien minimaal 4 van de 5 panel-
leden een zelfde behandel ingsfout indenti ficeerden, werd deze als zodanig 
gekwalificeerd. Een casus werd slechts gekwalificeerd als zeker voorkoombaar 
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overlijden, indien minimaal 4 van de 5 panelleden de casus als zodanig 
beoordeelden. Indien echter 4 of 5 panelleden een casus als mogelijk en/of 
zeker voorkoombaar overlijden beoordeelden, werd deze gekwalificeerd als 
mogelijk voorkoombaar overlijden. In alle andere gevallen werd de casus als 
niet voorkoombaar overlijden gekwalificeerd. Er werd een verschil gemaakt 
tussen voorkoombare doodsoorzaak (voorkoombaar Class I overlijden) en 
voorkoombaar overlijden (voorkoombaar Class II overlijden). De patiënten 
worden op dezelfde manier in 2 groepen verdeeld als in hoofdstuk VIII. 
Er bleek een matige tot substantiële overeenkomst tussen de panelleden 
te bestaan voor de identificatie van behandelingsfouten, en slechts een 
matige overeenkomst wat betreft voorkoombaar overlijden. Uitsluiting van 
een der panelleden leverde geen verbetering op van de mate van overeen-
stemming. Bij herbeoordeling door een panellid van de casus op een later 
tijdstip, bleek er een goede overeenkomst te bestaan voor behandelings-
fouten, maar een matige voor voorkoombaar overlijden. 
Behandelingsfouten kwamen bij 38% der overledenen voor. Therapeutische 
fouten waren meer dan twee maal zo frequent dan fouten in de diagnostiek. 
Significant meer behandelingsfouten kwamen voor in categorie A ziekenhuizen 
dan in beide andere ziekenhuiscategorieën. 
Een (zeker of mogelijk) voorkoombare doodsoorzaak werd geïdentificeerd 
in 29% van de groep I patiënten. Bij de patiënten die niet ten gevolge 
van een hersenletsel overleden (non-CNS overledenen) werd een voorkoombare 
doodsoorzaak geïdentificeerd in 40%, en in 17% bij CNS overledenen. Er 
werden significant meer overledenen gekwalificeerd als (zeker of mogelijk) 
voorkoombare doodsoorzaak in categorie A dan in beide andere ziekenhuis-
categorieën. De belangrijkste voorkoombare doodsoorzaak was verbloeding 
ten gevolge van het niet of te laat verrichten van een operatie om de 
bloeding te stoppen. 
Twintig procent der overledenen werd door het panel gekwalificeerd als 
(zeker of mogelijk) voorkoombaar overlijden. Voorkoombaar overlijden kwam 
significant meer voor in categorie A ziekenhuizen (57%) dan in categorie В 
(17%) en categorie С (21%) ziekenhuizen. 
Geconcludeerd wordt dat behandelingsfouten en voorkoombaar overlijden in 
elk ziekenhuis voorkomen, doch dat dit significant meer voorkomt in 
algemene ziekenhuizen zonder neurochirurgische afdeling dan in algemene 
ziekenhuizen met neurochirurgische afdeling en academische ziekenhuizen. 
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In Hoofdstuk X wordt de zorg voor de patiënt met ernstig traumatisch 
hersenletsel geëvalueerd aan de hand van een viertal criteria, afgeleid 
van de gepubliceerde 'Richtlijnen voor de behandeling van patiënten met 
ernstig traumatisch hersenletsel' (Ned Tijdschr Geneeskd 1985; 129: 
645-649). 
Een der belangrijkste richtlijnen is dat deze patiënten onverwijld 
vervoerd dienen te worden naar een ziekenhuis dat volledig is uitgerust 
voor het opvangen van ongevalspatiënten. Het blijkt uit deze studie echter 
dat deze groep patiënten primair naar het dichtstbijzijnde ziekenhuis 
vervoerd worden. 
Van de secundair verwezen patiënten was 41% niet gel'ntubeerd tijdens het 
transport en 11% der verwezen patiënten werd verwezen na een delay van 
3 uur of meer. Een CT-scan van der hersenen werd niet zo spoedig mogelijk 
verricht in 10% der patiënten. Slechts bij 24% der patiënten werd continue 
intracraniële drukmeting verricht. 
Geconcludeerd wordt dat de zorg voor de patiënt met ernstig traumatisch 
hersenletsel in de onderzochte periode significant afwijkt van de behandeling 
zoals voorgesteld in de 'Richtlijnen voor de behandeling van patiënten met 
ernstig traumatisch hersenletsel'. 
In Hoofdstuk XI wordt nagegaan of patiënten met een ernstig hersenletsel 
baat hebben bij primaire opvang in een ziekenhuis in de directe omgeving 
van het ongeval. Geanalyseerd werden alle verwezen patiënten met ernstig 
hersenletsel die in de studieperiode opgenomen werden in het Sint Radboud-
ziekenhuis te Nijmegen en het Academisch Ziekenhuis Groningen. In totaal 
betrof het 60 patiënten. 
Het blijkt dat systemische nadelige factoren bij deze patiënten even 
frequent voorkomen als bij patiënten die rechtstreeks van de plaats van het 
ongeval worden opgenomen. 
Geconcludeerd wordt dat deze groep patiënten geen baat heeft bij 
primaire opvang in een ziekenhuis in de directe omgeving van het ongeval. 
Xllb. 3 Conclusies 
De resultaten van het prospectieve multi center onderzoek suggereren dat 
er sprake is van minder optimale zorg in ziekenhuizen die niet volledig 
zijn uitgerust voor de opvang van ongevalspati'énten. Ook de primaire 
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opvang in deze ziekenhuizen, met name wat betreft stabilisatie vóór 
doorverwijzing, is niet optimaal. De Overall' frequentie van behandelings-
fouten en voorkoombaar overlijden is in overeenstemming met de literatuur 
betreffende de traumazorg in gebieden waar deze niet georganiseerd en 
geïntegreerd is. 
De primaire opvang van de ongevalspatiënt in Nederland is niet georganiseerd 
en geïntegreerd. Vele instanties houden zich afzonderlijk met de problemen 
bezig. De behandeling op de ongeval spiaats en het transport naar het zieken-
huis maken geen deel uit van een gericht beleid. Gezien de pilot study is 
de preklinische zorgverlening momenteel onvoldoende. 
De ongevalspatiënt wordt, in het algemeen, vervoerd naar een ziekenhuis 
in de directe omgeving van het ongeval, ongeacht de ernst van de letsels 
en de mogelijkheden van opvang in dat ziekenhuis. Gezien de demografische 
en geografische kenmerken van Nederland, zouden, volgens het model van 
BOYD, ernstig gewonde patiënten direct naar een ziekenhuis vervoerd dienen 
te worden dat uitgerust is voor het opvangen van ongevalspatiënten. De 
resultaten van de in deze thesis beschreven studies onderstrepen deze 
visie volledig. 
Hiertoe is het echter noodzakelijk dat ziekenhuizen in een bepaalde 
regio in categorieën worden verdeeld. Aan ieder van deze categorieën dienen 
nauwkeurig omschreven eisen gesteld te worden. Richtlijnen voor deze eisen 
zijn weergegeven in de notitie 'Organisatie traumatologie in Nederlandse 
algemene ziekenhuizen', opgesteld door de Nederlandse Vereniging voor 
Traumatologie. Ziekenhuizen met een zwaartepunt voor de opvang van 
ongevalspatiënten, ongevalscentra, dienen over mogelijkheden te beschikken 
voor volledige diagnostiek en behandeling van alle letsels van schedel en 
hersenen, thorax, abdomen, hart- en vaatletsels en voor de behandeling van 
alle soorten fracturen. In deze ziekenhuizen dient 24 uur per dag een 
ongevalsteam beschikbaar te zijn, bestaande (minimaal) uit een chirurg-
traumatoloog, anaesthesioloog en een neurochirurg of neuroloog. Dit 
volledige team dient bij binnenkomst van de patiënt gereed te staan. De 
hoofdverantwoordelijkheid dient bij de chirurg-traumatoloog te liggen, 
totdat blijkt dat het accent van de letsels op het gebied van een der 
andere specialisten gelegen is. Door de Nederlandse Vereniging van 
Traumatologie wordt het aantal benodigde ongevalscentra in Nederland op 
10-15 geschat. 
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Voor optimale triage dient ambulancepersoneel op eenvoudige wijze te 
weten naar welk ziekenhuis in een bepaalde regio de betreffende ongevals-
patiënt vervoerd dient te worden. De Trauma Score biedt hiertoe voldoende 
mogelijkheden. 
Uit de resultaten van de studies in dit proefschrift en de gegevens uit de 
literatuur is het te verwachten dat regionalisatie en integratie van de zorg 
voor de ongevalspatiënt, met als kernelementen meer 'advanced life support' 
in de preklinische setting en direct vervoer van geselecteerde patiënten 
naar ongevalscentra, zal resulteren in een betere prognose voor de ongevals-
patiënt. 
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APPENDIX: HOSPITAL TRAUMA INDEX 
Injury Sealing Dictionary 
1. Report all diagnoses. 
2. The severity of injuries will be scored as follows: 
no injury 0 
minor 1 
moderate 2 
major 3 
severe 4 
critical 5 
3. When multiple injuries are present in a single system of the HTI, the 
final index is determined by assimilating two 'major lesions' (HTI 3) 
to one severe (HTI 4) and two severe to one critical (HTI 5). 
4. Aspiration: aspiration of stomach contents. 
Systolic pressure: lowest systolic arterial pressure before operation. 
fx 
с 
i 
cpd 
η 
Ψ 
bv 
RR 
= 
= 
= 
= 
= 
= 
= 
= 
fracture 
with 
without 
compound 
normal 
decreased 
blood volume 
systolic arterial pressure 
6. Patients who died with severe brain damage less than 6 hours after the 
accident should be consequently accorded an HTI-ISS of 5 for nervous system 
injury. 
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Injta-y Score 
no i n j u r y 0 
minimal f indings 1 
simple r i b or sternal fx ( f r a c t u r e ) ; chest wall 
contusion with p l e u r i t i c pain; lung contusion 2 
f i r s t or m u l t i - r i b f x ; hemo- or/and pneumothorax 3 
open chest wounds; f l a i l chest (one sided); tension 
pneumothorax; simple diaphragm rupture; trachea 
rupture 4 
aspiration; bilateral flail chest; multiple 
diaphragm ruptures 5 
no injury 0 
>500 ml bv loss with normal skin perfusion 1 
>500 ml bv loss with 4· skin perfusion; 
myocardial contusion with η RR 2 
>500 ml bv loss with RR £100; myocardial 
contusion with + RR; tamponade with η RR 3 
>500 ml bv loss with RR £80; tamponade with 
Ψ RR 4 
>500 ml bv loss with RR £60; cardiac arrest 
due to the bv loss 5 
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Injury 
no injury 
head trauma с or s scalp lac, s loss of 
consciousness, no fx 
head trauma с brief coma (<15 minutes);_ 
skull fx; one facial fx; cervical pain с 
minimal findings s fx 
head trauma с coma (15-60 minutes); 
depressed skull fx; cervical fx с or s 
minimal neurologic findings; multiple facial fx 
head trauma с coma (>60 minutes) or neurologic 
findings; cervical fx with paraplegia 
head trauma с coma (>6 hours); cervical fx 
with quadri piegia 
no injury 
mild abdominal wall, flank or back pain & 
tenderness s peritoneal signs 
acute flank, back or abdominal discomfort 
and tenderness; fx of a rib 7-12; hematuria 
one of: minor liver, small bowel, spleen, kidney, 
body pancreas; mesentery, ureter, urethra, fxs 7-12 
rupture liver, bladder, head pancreas, duodenum, 
colon, mesentery (large) 
crush liver; major vascular bleeding including: 
thoracical and abdominal aorta, cavae, iliacs, 
hepatic veins 
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Injury 
no in jury 
minor sprains & f x ( s ) - no long bones 
simple f x : humerus, c lav icula, antebrachii or 
c r u r i s ; single nerve; single ligamental lesions 
mult ip le moderate f x ( s ) , cpd moderate, 
femur (simple), stable pelvic f x ; stable fx 
thoracic or lumbar spine; major nerve l e s i o n ; 
major dislocat ion 
cpd femur; limb crush or amputation; unstable 
pelvic f x ; unstable fx thoracic or lumbar spine 
cpd (crush) pelvic fx 
no in jury 
<5% burn, abrasions, contusions, lacerations 
5-15% burn; extensive abrasions, contusions, 
and lacerations (>30 χ 30 cm) 
15-30% burn; avulsion (>30 χ 30 cm) 
30-45% burn; avulsion ent i re limb 
>45% burn 
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STELLINGEN 
behorende bij het proefschrift 
Evaluation of trauma care 
-with emphasis on hospital trauma care-
in het openbaar te verdedigen op 
vrijdag 9 oktober 1987 
des namiddags te 1.30 uur 
door 
J.M.Th. Draaisma 
1 
Optimale zorgverlening voor de ernstig gewonde ongevalspatiënt kan 
uitsluitend gerealiseerd worden in een centrum waar naast technische en 
personele voorzieningen, brede multidisciplinaire kennis en vaardigheid 
op traumatologisch gebied bij voortduring aanwezig zijn (Notitie 
organisatie traumatologie in Nederlandse algemene ziekenhuizen, Nederlandse 
Vereniging voor Traumatologie, 1985). 
2 
De eerste huTpverlehing aan traumatologi sehe patiënten dient te geschieden 
vanuit het traumatologisch centrum met een speciaal daarvoor ingerichte 
ambulance of helicopter (R. Vos, Proefschrift, Groningen, 1963). 
3 
Voor beter inzicht in mogelijkheden van letselpreventie èn voor optimale 
kwaliteitsbewaking van de geboden zorg, dient bij elke ongevalspatiënt 
een obductie te worden verricht op grond van een wettelijke regeling. 
4 
Comateuze patiënten met hypotensie hebben slechts dan een kans, indien op 
voortvarende wijze de oorzaak van de hypotensie wordt opgespoord en 
behandeld; die oorzaak is slechts zelden het hersenletsel (Draaisma et al. 
Ned Tijdschr Geneeskd 1985; 129: 2097-2100). 
5 
Protocollaire geneeskunde kan een belangrijke bijdrage leveren aan 
kwaliteitsverbetering en budgetbeheersing in de gezondheidszorg. 
6 
Budgetfinanciering leidt tot een devaluatie van de kwaliteit van de 
gezondheidszorg. 
7 
Vreemd aan het leven is niet de ziekte in welke mate dan ook, maar de 
volmaakte gezondheid. 
8 
Het mogelijk nuttig effect van 'calcium overload blockers' als therapeutica 
bij neonatale asfyxie dient nader onderzocht te worden. 
9 
Vroege toediening van hoge doses intraveneuze gammaglobuline vermindert 
de frequentie van coronairpathologie bij kinderen met de ziekte van 
Kawasaki (Newburger et al. N Engl J Med 1986; 315: 341-347). 
10 
De verhoging van het net bij tennis, zoals voorgesteld door Hoogendoorn 
(Ned Tijdschr Geneeskd 1986; 130: 2343) in verband met de toegenomen 
gemiddelde lichaamslengte, zal leiden tot een verlaging van het spelgenot 
van de gemiddelde actieve tennisspeler. 
Nijmegen, 9 oktober 1987 
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